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Pretest Bea 


As I write 
this, our next 
exoplanet 
> mission is 

= making its 

e way to the 
launch pad to be lofted into space 
by SpaceX. The Transiting Exoplanet 
Survey Satellite (TESS) is our next 
venture in finding a planet just like 
our own, and the team behind the 
NASA mission think that it's going 
to revolutionise our hunt for Earth 
4.0 like never before. Turn to page 
16 for a flavour of what we can look 
forward to when it opens its eyes to 
the universe. 

Also this month, if you've ever 
read through the thesis of world- 
renowned physicist Stephen 
Hawking but aren't sure of what it 
all means, then this is the issue for 
you - we've broken it down, giving 
you the ultimate bluffer's guide to 
the research that broke the intemet... 
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Or, more specifically, took Cambridge 
University's website down. 

We also head to the Intemational 
Space Station to discover that there's 
a brewery of sorts on the Earth- 
orbiting platform. But it's not made 
so that astronauts can sit back, relax 
and sip on an alcoholic beverage 
after a tough day of space research - 
barley seeds from none other than 
Budweiser could help us in our 
manned mission to Mars. As now- 
retired astronaut Clayton Anderson 
once said, "a successful mission 
will include many key components, 
including the need to provide crew 
members with commodities that 
remind them of home." And that's 
where space beer fits night in. 
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Artist's impression of CAESAR 
collecting a sample from 67P 





“Comets hold a wealth of 
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about the 





ingredients required to make a 
Solar System Page so 
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Colin Stuart | Natalie Starkey 
Colndeivers 120 & author Ki 
Stephen Hawking's ))) Weregoing back to 
groundbreaking thesis »  Rosetta’s comet! Natalie 


) finds out why we need 
to go back and sending a 
sample return mission in 


inanutshell. Delve into 
the ultimate bluffer's 
guide for an inside look 


into Hawking's mind. the process. 

Lee Cavendish Abigail Beall 
astronome: There's force that 

Lee reveals the real shaped the universe - and 
reason why Budweiser its not gravity. Abigail 


® meets theresearchers 
My whohave discovered that 
2 amagnetictorce has been 
gs at work before our time. 


is brewing beer in space 
and why it's much more 
important than you 
could ever imagine. 





Twitter 


(@spaceanswers 



















































SpaceX launches 

their Falcon 
Heavy with a Tesla on 
board, space could be 
infected with viruses 
and astronomers find 
an exoplanet that defies 
all expectations 
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find Earth 2.0 


Why our chances of finding 
another habitable world are 
better than ever 


Eris 
Found in the outskirts of the 
Kuiper Belt, the dwarf planet 
could prove to be an intniguing 
destination 


Your interview 
with Jim 
Al-Khailili 


The popular author, broadcaster 
and theoretical physicist takes 
your questions this month 


Bluffer's guide 
to Stephen 
Hawking's 
thesis 
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Your inside guide to the 
research that broke the Internet 


Brewing beer 
in space 

Why an alcoholic Space Station 
beverage is more important 
than you thought 


Return to 
Rosetta's 
comet 


Why and how we'e returning 
to comet 67/P 


Forgotten force 


something shook up the 
universe... and it wasn't gravity 


Chasing 
satellites 


A Singapore-based company are 
about to test a satellite removal 
system to conquer space debris 
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BLUFFER'S GUIDE TO 


STEPHEN 
HAWKINGS 
THESIS 
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“There is certainly a need for a 
new fundamental theory in order 


to unify the two big frameworks’ 


O Jim Al-Khalili i 
| : Physicist and broadcaster e 
y i 


Your complete guide to the night sky 
What's in the sky? 


Don't miss some great 
astronomical sights this month 


Month's planets 
Mars, Saturn and Jupiter form a 
line in the early morning, while 
Venus lights up the evening skies 


Moon tour 

Find the impact crater at the end of 
one of the longest rays on 

the Moon 


Naked eye & 
binocular targets 


Beautiful star clusters and bright 
stars await those with minimal 
observing kit 


How to... Observe 
the lunar ‘xX’ 

A mysterious phenomenon that is 
visible for four hours every Moon 
cycle. Here's how to see it 


Deep sky challenge 
Push your telescope to the limit 
with our choice of targets, hidden 
around the Lion 


errr How to... Capture 
re conjunctions 
How to get a good image of the 
many conjunctions that are on 
display this month 


Your astrophotos 


We feature some of your 
best astroimages 


In the shops 


My eat  ™® Must-have books, software. 
| apps, telescopes and accessories 
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Supermoon peeps over 
a Chilean mountain 


Peering over the beautiful Cerro Armazones Mountain in Chile is an 
equally beautiful supermoon. A supermoon occurs when the Moon 
reaches its closest point to Earth - also referred to as its perigee - during 
met el alge me ny mm ees) el) ele 

The road zig-zagging its way to the top of the mountain leads to the 
construction site of the European Southern Observatory’'s Extremely 
(Be) p t= (=ae) eo ee 
world's largest optical instrument, with an enormous primary mirror size 
of 39 metres (128 feet). 




















ae ee a ae nt - Da zi or J ae glk, F Pe a ral ee . 
3 ees Mae aS CRC Se ae eae Con Gr ae 
pp tale “to Fe ae ee a ee Be , ee . ag - he ea ae <4 
s Opening space's Le 
| treasure chest a 
NASA/ESA's Hubble Space Telescope imaged the ‘ ¥ 
central bulge of our Milky Way in order to examine the at 
full variety of stars concealed inside. In the process, ee 
Hubble returned this awe-inspiring collection of os 
sparkling jewels within in our galaxy. Y 
This huge collection of stars ranges from the “ 
younger blue stars to the elderly red stars and contains #& # 
many Sun-like white stars in between. Astronomers 
have studied 10,000 of these Sun-like stars in the ar 
Hubble archive over a nine-year period in order to ch 
understand the evolution of our home galaxy. a ; 
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Celebrating a decade the 
European Columbus laboratory 


The European Columbus laboratory has been part of the prestigious International Space Station (ISS) for 
ten years now. The module has provided a safe and comfortable environment for astronauts to conduct 
unique experiments in microgravity. 

Columbus arrived in the United States in 2006 on board a Beluga aircraft, Airbus A300 (inset). The 
module was finally launched from the Kennedy Space Centre in Florida in February 2008 after five years 
of delays and problems. The Columbus laboratory is the smallest module on the ISS, but it still provides the 
same payload volume, power, data retrieval, vacuum and venting services as the other modules. 
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LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 


aeel elem lelcomeats 
cosmic ZOO | 


PMc Mie a) ese ele) (= esata) eee 
captured a cosmic penguin protecting its egg. By 
combining the infrared and visible light of this : 
region, astronomers can see how the duo have been as 
deformed due to their gravitational attraction. | 
The penguin, also known as NGC 2936, and the 
egg, NGC 2937, are two galaxies that have been 
fee On R= eee ee Be 
irs les prema ee =m alee) yd sn || ee) (fal B lyre 
fae) gp meey iene tte ee eee 
star formation. 
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| Space selfie! ~7 

- 9 While NASA astronaut Mark Vande Hei 
was going on his very first spacewalk, 
he took advantage of the rare 
opportunity by taking a quick snap of 
himself in his spacesuit. 

This picture was taken on the 23 

January 2018, when Vande Hei and 
fellow NASA astronaut Scott Tingle 
conducted a seven-hour-24-minute 
spacewalk. While outside the ISS 
the two crewmates underwent 
maintenance repairs on the station's 
Canadarm2, which is essential for 
collecting inbound cargo deliveries. 
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Hunting for : 
supermovae ae , 


45-million-light-years away in the constellation 
of Pegasus, a star in the galaxy NGC 7331 
reached the end of its life and exploded as a 
spectacular supemova. Astronomers wanted 
to get a look at this supernova, labelled 

po) PO) etic leah Ae 
pee Aan, yt oe ele) (Bose) 
Telescope to the scene of its demise. 

Hubble's Wide Field Camera 3 (WFC3) 
snapped this glorious shot of the spiral galaxy, 
ee ee Redeemer ge 
etree RAE ne ee CR ee hee 
ere gal mtels=nle gm Mer ptt Be Pag 
eee = hae eee eee he 
with the dark splodges of a abba Ths ee 
eee ™ 
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ee 
fromthedark = 


Light ene oleh Teel firs Tens of pee raha is ee 
tet eRe b= Mien it comes to BAG born i t-|} innit er ‘ 
Pues aT fale E le lurking across this aL Hh Le 
ota PE Ree Uew ice 
- The European tet ala petals) s ea Boe ae 
pai ieee We Rr mi ee aT) tc eae 
The exceptional felt) ANCE tures: Se ee herd fe) M9) 8) = es 
their surrounding EECA Tce) Bye SECs radiation cae ars 
Pel Mien ine g yy ifs MeL on as mu EL ol facia Oh Mere 
-a Cloud of gas and a At Ce Tae coe Polity Fl aL Pee ic. : 
ai the black Cater ek shown he Saha 


teenie i Pre 


eae fala meeps] pe) 0b Pee Ta place, as we can see from 
: these ect bel by NASA's Mars Reconnaissa nce Orbiter (MRO). The 
Peer ca ewe meee en agi] meee R nce] 4g ele) e 
eae Brule Ure oc ST esky pyetlp mall io)(= eRe mele m Clap 
; The layers in this area-are thought CoWare elsl- sR et wees mel 
A extensive erosion which most likely occurred in a period where the 

Fla leiar)a-Meeagneks th acy=18 (=F ] 6 ele em Dale le eee) ele) a em a= 
: theory that along time ago water ran on the surface of Mars and 
é therefore could still be there, hidden beneath the surface. 
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Getting ready for a Martian landing 


NASA's Interior Exploration using Seismic Investigation, Geodesy and Heat Transport (InSight) Mars lander will 
probe the interior of the Red Planet's surface. It hopes to answer vital questions regarding the formation of the 
terrestrial worlds of the Solar System and their evolution over the last 4 billion years. 

Before its launch in May 2018, intense testing will be conducted at the Lockheed Martin clean room in 
Littledon, Colorado, United States. The most important test is the landing configuration and the opening of the 
solar panels - without them, the lander is essentially redundant, so engineers must make sure they can perform 
effortlessly when the time comes. 


Spying on the south 
side of Jupiter 


As Juno entered its tenth close flyby of Jupiter, also called 

a perijove, the installed JunoCam got to work, snapping as 
ELA eee ecin eee ee Ch eel ee 
fa Mm ele Wega lel e-le mag) pele ghee) ee eee ig la 
hemisphere, leaving it to the public to make it majestic. 
trees =e ele) ee ee 
fags t= a Rig eae) elle lees eee eet 
[ey ie=l mee eel pile el eel poke) gy em = 
HUMOR Ree ep eee [ele 
was flying just 13,604 kilometres 
(8,453 miles) above the top of 

aT it eee ele 
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SpaceX triumphantly launches 
its powerful new rocket 


The 7O-metre Falcon Heavy cleared its pad and sent a Tesla sports 
car towards the asteroid belt 


spaceX has realised a long-held 
dream by finally launching the 
world's most powerful rocket. 

Elon Musk's private aerospace 
manufacturer sent the huge reusable 
launch vehicle skywards from 

i lejelet tow ete eka ele vee 
Cece) ate tO Be eek eee 
It was quickly hailed a success, 
despite a problem with one of the 
boosters, and now the company 
reckons it will go on to revolutionise 
future space travel. 

Falcon Heavy is an impressive 
three-core rocket that has 27 engines 
- the most used by any working 
rocket. The engines provide more 
OOM INV om OO Neem Oe NINeRmel MONI aN IIe 
at lift off, which is equivalent to 18 
Boeing 747 aeroplanes. This allows 


PRR ele alee e ee Re MOLE en 
the Van Allen Belt, the Starman 
dummy on board was ‘listening’ to 
David Bowie's Life on Mars 





OO Cas) ese Cee Te RPO eel 0) 
kilograms (140,000 pounds) of cargo 
een (Oy =) ee) eee ews Oe 
kilograms (37000 pounds) to Mars. 
In the case of this launch, it ensured 
ee) ema emer mel eR mye ee 
OOOO Orange ele Bse seas 
car, but also a dummy in the driver's 
seat, appropriately named Starman. 
This added a level of theatre to 
an already amazing 
| occasion, watched 
r by an estimated 
, 100,000 people 
around the launch 





Starman takes the scenic route, 
tele) talntsdecte ae lala 


“This added a level of theatre to 
an already amazing occasion” 


site and millions more at home. 
Footage shows the Heavy leaving the 
SF:Lhbe Ted gio rte Gec telecaster etm Ce meet am |e) BL ag 
reaches of the Earth's atmosphere. 
After three minutes, the rocket's 
boosters detached before two of 

Get sJee cin me cil AOI Celt seme la) eee 
the same time at Cape Canaveral Air 
Force SF (8) 88 

‘It later emerged that the central 

booster had failed to return to ova 
eet sie l=e- Berea) ea Siete in the PAievelatel 
Ocean by 100 Fue lsiats [eyes cartel 
BietscoeRo eee esas eee R TCE 
PiseO Obie pe ave lee Ue aN 
EER n ee ioe SpaceX ieee adel 
Beene saree mes Belo meet 
although. Musk rile Saetsiccy patreB ela og 
Salem ta hy plans emia im enon 


the mere fact that it didn't explode 
[eM d elses tc LPE OTe N/R Le MRT soos boi CO) NTR) SETS 
enough; Musk admitted such a thing 
could easily have happened given the 
power of the craft. 

sae 000 Ole ne sce)teee 
means the Tesla car, which looped 
Earth for six hours and has the 


Ae) cerou Ble) u mms cccteVemeletcrelelel= ame) 
the dashboard, will end up orbiting 
the Siem em ert oslo B Co has) te sts 
Veto ta Berle. G anaes 


two more launches this year, each 
of which costs around $90 million - 
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Comet found passing by a distant star 


An amateur astronomer 


icking through Kepler's data discovered 


patterns that pointed to the presence of exocomets 


Researchers have discovered 
evidence of comets in another star 
system by observing dips in the 
intensity of light from a star. It marks 
the first time such small objects have 
ever been detected in this way. Even 
more remarkable is that the discovery 
was first made by a citizen scientist 
called Thomas Jacobs. 

The exocomets were picked up 
using the sensitive Kepler Space 
Telescope - a spacecraft that's 
already well known to be capable of 
detecting Earth-like planets around 
sun-like stars. It spotted tiny dark 


objects passing between the dwarf 
star KIC 3542116 and Earth, and the 
observations matched expectations 
of a comet's joummey. 

The researchers picked out the 
comet's tail and found it blocked 
just one tenth of a per cent of KIC 
3542116's light. The objects passed 
by six times between 2009 and 
2013. The star also dimmed deeply 
three times, with the star slowly 
regaining its brightness over the 
course of a day. Whether or not that 
was an indication of six comets 
passing by or a cluster involving 


some that passed multiple times is 
not known, however. 

While that means there is no 
certainty over the number of comets 
spotted - it could be just one, but the 
orbit suggests not - there is no doubt 
that they are the smallest objects ever 
discovered passing in front of a star 
in another planetary system. 

‘Tt's amazing that something 
several orders of magnitude smaller 
than the Earth can be detected just 
by the fact that it's emitting a lot of 
debnis," says Professor Saul Rappaport 
of MIT's Kavii Institute. 


Swirling gas detected in the earliest galaxies 


Astronomers discover that the youngest structures spin in the 
Same way as the much more mature Milky Way 


An international team of 
astronomers have looked back nearly 
13 billion years and found two small 
newborn galaxies that spin like 

a whirlpool in a similar manner 

to more mature galaxies such as 

the Milky Way. Rather than be 
‘dynamically messy due to the havoc 
caused by exploding young stars, Dr 
Renske Smit from the University of 
Cambridge says, “these mini-galaxies 
show the ability to retain order and 
appear well regulated.’ 

This means that, despite their 
small size, the galaxies are already 
rapidly growing to become an adult 
galaxy of the type we are living 
in today, the researchers say. The 
discovery is also the first time 
normal star-forming galaxies and 
their movement have been identified 
at a very early stage in cosmic 
history - just 800 million years after 
the Big Bang - albeit in far-infrared 
wavelengths. 

such observations have been 
made possible thanks to the 


ESO's Atacama Large Millimeter/ 


submillimeter Array (ALMA) in Chile, 


which allows scientists to analyse 
the spectral ‘fingerprint’ of the far- 
infrared light it collects to work 

out the distance to the galaxies. By 
being able to essentially cut through 
a haze of neutral hydrogen gas, 
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which makes observing through 
optical telescopes difficult, it lets 
them see the internal motion of 
the gas that fuelled their growth. 
The astronomers say the data 
“paves the way for larger studies 
of galaxies during the first billion 
years of cosmic time’. 


© NASA! Danielle Futselaar 


@ Astonomy Institute, Amanda Smith 
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Cosmonauts break 
spacewalk record 
Expedition 54 cosmonauts Alexander 
Misurkin and Anton Shkaplerov 

have completed the longest Russian 
spacewalk, having spent eight hours 
and 14 minutes tackling an upgrade 
to the communications system 

on their side of the International 
Space Station. 


By pumping waste into cylinders 
that act as microbial reactors, it has 
been shown that microbes can break 
down urne and faeces, extracting 
components that can be used to help 
srow edible bactena. The process 
would make good use for astronaut's 
waste and help provide them with 
food on deep-space missions. 


Attempt to slow light 


Physicists are looking at ways of 
slowing light from its top speed of 
186,000 miles per second and even 
stop it at the exceptional point when 
two mirroring, complex wavelength 
patterns meet and merge. They say 
the beams of light could be tuned to 
stop it moving at such a point. 


Space may be infected 
A team of scientists believe viruses 
may be spread across space - 
potentially providing evidence of 

life away from Earth. They say space 
agencies should be looking out for 
viruses since they form a crucial part 
of life on our planet, although they 
admit the technology to do so is still 
being developed. 


Stay up to date... 


® wwwspaceanswers.com 
Fascinating space facts, videos & more 


Twitter (Facebook 
@spaceanswers /AllAboutSpaceMagazine 
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Dust storms on Mars are 
linked to gas escape 








Scientists have found that rising air during global dust storms Boy 

causes Water vapour in the middle atmosphere to increase patel 

(Clle)ee Melee ieee Mie lim ener al from a wet, Warmer planet to the frozen, Wen 

play an important role in the ongoing arid Mars we see today. ; Res he 

process of gas escaping from the Red Researchers are now hoping for ee 

Planet's atmosphere, scientists have E1aT@) GO al meod le) ee lB lms gem COT el mes | ; eta c 
co)bie sme w ela ei ai eh a el ee ee) ae closer testing of their hypothesis. ‘Tt a 
fresh look at the observations made by would be great to have a global dust 

NASA's Mars Reconnaissance Orbiter ie G00 Ree) Oe Am sees oe 
during the most recent large-scale dust the assets now at Mars, and that 

CO OF NaOCl meee] e Ny could happen this year," said David 


moving to a higher altitude, roughly 50 Kass of NASA's Jet Propulsion 
to 100 kilometres (30 to 60 miles) high. Laboratory, Pasadena. 





Water vapour also increased in The idea that atmospheric 
volume by more than a hundredfold. hydrogen escapes into space, 
A's (miele mee tsicee eB eee ee eels causing a nse in middle- 
vapour in the middle atmosphere atmosphere water volume has 
OM Re) OTe eee seem b ecm Ce)g nee also been observed by ESA's Mars , 
said Nicholas Heavens of Hampton Express orbiter and NASA's Hubble he fy Mie A per rcnias 
University, Virginia, United States. Telescope. The next global dust et xt ah UP as the cl ain 
A Ele eee) Dime neste elem ee) storm season is expected this summier, vf et 5 ee Mars' appearance 
Oe cemets OU ems Tae eee lee lasting into early 2019. Past ones have pO ae when dust-storm 
dust." This phenomenon would have taken place in 1977, 1982, 1994, 2001 haze is globally 


eee age) Bite OM eM esate eee ele) and 2007 distributed 


Weirdly-blowing winds on swollen New stellar streams are 
exoplanet challenge scientists discovered around the Milky Way 


ss sass / se A: Biba sas ss eat ae 
aL a alert eee eee physics Close to a dozen stars ripped away from smaller systems 
pois | 2 ° ee around our galaxy have been detected 
scientists are looking to explain why the hottest spot on the exoplanet CoRoT- - : 
2b is net in its expected location. Instead of being towards the east of its Exactly ll new streams of stars gravitational pull on smaller, 
equator, it is actually west of centre. That points to the winds blowing in the from other galaxies have been nearby galaxies; the stars form 
opposite direction to other short-orbit gas giant exoplanets. detected around our galaxy. They streams as they are tor away. 
CoRoT-2b is at a distance of 930 light years from Earth towards the were discovered while astronomers “We're interested in these 
constellation Aquila. It takes three days to complete an orbit around its parent were surveying the skies to streams because they teach 
star making it incredibly hot, particularly so on the side facing that star. uncover the nature of dark energy us about the formation and 
Until new data was collected from NASA's Spitzer Space Telescope, scientists and dark matter. ‘It's exciting that structure of the Milky Way and 
assumed there would be strong eastward winds. we found so many stellar streams, —its darl-matter halo. Stellar 
“We've previously studied nine other hot Jupiter giant planets orbiting super sald astrophysicist Alex Drlica- streams give us a snapshot of a 
close to their star. In every case, they have had winds blowing to the east, as Wagner of the Fermilab Center for larger galaxy being built out of 
theory would predict,” says Nicolas Gowan, a researcher at both the McGill Particle Astrophysics. smaller ones, adds University of 
space Institute and the Institute for Research on Exoplanets. “But now, nature Before this discovery by the Chicago graduate student Nora 
has thrown us a curveball. On this planet, the wind blows the wrong way. Dark Energy Survey (DES), only 24 shipp. “These discoveries are 
since it’s often the exceptions that prove the rule, we are hoping that studying or so stellar streams hadever been possible because DES is the widest 
this planet will help us understand what makes hot picked up. The stars are attracted deepest and best-calibrated survey 
Jupiters tick.’ by the Milky Way's powerful out there” 
The researchers are considering three 


















possibilities. One suggests the planet : a : aN 570-megapixel camera on 
could be spinning so slowly that a single f the Blanco Telescope at the 
rotation takes longer than a full orbit : pepe a eet 
: of the star. Another hypothesises the os Ss ERE 8 oe 
planet's atmosphere is interacting ‘ pee 6 


with its magnetic field while the 
4 : third potential is that large clouds 


covering the eastem side of the 
planet make it appear darker. 


A AS58 OPLCa lech ReklarHahn/Dark Energy Survey 


An artist's impression of hot winds 


on a hot Jupiter exoplanet 
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_ NASA‘ new planet-hunting satellite will revolutionisé.our — 
peters of planets around other stars - and statistics 
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Earth 2.0 


he search for ‘exoplanets’ - worlds orbiting 
distant stars - has come a long way since 
the first such objects were confirmed 
in the mid-1990s. Today thousands 
of alien worlds are known or suspected, with 
each new satellite or technique offering fresh 
insights, which leads to the detection of many 
new planets. However, fundamental questions 
remain unanswered, and our experiments produce 
discoveries that are inevitably biased towards 
certain type of planets that are easy to detect. 

Now, asmall satellite, the Transiting Exoplanet 
survey Satellite (TESS), promises to look at the sky 
in a Whole new way, which could finally answer 
some key questions - particularly when it comes to 
small planets like Earth. Over the next two vears, 
the team behind TESS hope that it will create the 
most comprehensive catalogue so far of planets 
orbiting bright and nearby stars. 

TESS has been along time coming, as Dr Stephen 
Rinehart, the mission's project scientist at NASA's 
Goddard Space Flight Center, recounts: “The 
project started out as an independently funded 
development that MIT [Massachusetts Institute of 
Technology] was doing with some private donors 


[Google in particular provided early investment]. 
After missing out on selection for NASA's Small 
Explorer satellite program in the late 2000s, the 
TESS team realised that the spacecraft would work 
better as a full-scale Explorer mission, and Goddard 
was brought on board.’ 

Rinehart’s role involves day-to-day collaboration 
with the mission's principal investigator (PT), Dr 


George Ricker, and deputy FI Dr Roland Vanderspek, 


both at MIT's Kavh Institute for Astrophysics 

and Space Research. “Roland was actually my 
undergraduate thesis adviser, shall we say, a while 
ago,” he recalls, “so [ve known these guys since I 
was an undergrad. When Goddard got involved, 

it was clear that TESS needed a NASA project 
scientist, and Gseorge asked for me to join the team 
in that role. We submitted our proposal around the 
beginning of 200, and in 2013 we got the go ahead 
to actually start building. As we speak we're two 


months and one day from our planned launch date.” 


As its name suggests, TESS will detect planets 
using the so-called ‘transit method’, measunng 
tiny dips in starlight created by orbiting planets. 
“You can see the principle at work in our own Solar 
System,” explains Dr Rinehart. “There are some 


B lhe next step in exoplanet research is to 
Start characterising individual planets, not 


just counting them’ Stephen Rinehart 





ereat videos of Venus transiting the Sun in 2004 
and 2012. If you have a planet orbiting a star, and its 
orbit happens to be aligned with your line of sight, 
then the planet will pass in front of the star. In our 
Solar System that means that we can occasionally 
see Venus as a black dot tracking in front of the 
Sun. For more distant stars of course, we cant 
resolve the little black dot, but the planet still blocks 
a certain amount of light from the star - and the 
exact amount depends on how big the planet is." 
That small amount of blocked-out light is the kev 
not only to finding planets, but also to estimating 
their sizes: “If we were looking at our own Solar 
System from, say, ten-light-years away, if Earth 
passes in front of the Sun, it blocks out about 0.01 
per cent of the Sun's light. Jupiter on the other hand 
blocks out about one per cent’ 
searching for planets using the transit method 
involves making frequent measurements of a star's 
exact brightness and pinpointing moments when 
that brightness suddenly dips and then recovers. 
If the dips repeat in a regular pattern, this confirms 
the planet's orbital penod - its year. For example, 
if a star dips in bnghtness by one per cent every 
40 days, astronomers can not only tell that the 
exoplanet has a 20-day year, but can also estimate 
its size at about 1/lOth the diameter of the star 
(and therefore blocking out 1/lOOth of its visible 
surface during transits). It's simple in principle, 
but requires high-precision measurements, an 
uninterrupted, undistorted view of the sky and lots 
of patience - all factors that make it a tough call for 
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TESS is just the latest in a series.of satellites that - 
have revolutionised our ideas about. alien worlds — 
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Launch date: End-2018 
A collaboration between the | 
European Space Agency 
and Switzerland, CHEOPS 
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Launch date: Spring 2019 
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Anatomy of TESS — How it'll work 
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TESS is a collaboration - but who 


Who's involved? does what? 


Harvard- 
Peele 
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Astrophysics 
Manages science 
follow-up to TESS 
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Space | 
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Science 
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Noy We 
Research Center 
Developed TESS's 
science pipeline. 


most Earth-based telescopes, but an ideal task for 
orbiting satellites. 

The most famous use of the transit method so 
far has been in NASA's hugely successful Kepler 
satellite. Launched in 2009, Kepler was designed to 
stare at a single crowded region of sky, continuously 
monitoring the brightness of more than 150,000 
stars and looking for any tell-tale dips. Before Kepler, 
only a handful of exoplanets had been detected 
using transits - many more were known from the 
radial velocity (RV) technique, the first exoplanet- 
hunting tool to be developed in the mid-1990s. 

RV relies on analysing a star's rainbow-like 
spectrum to detect minute shifts in the wavelength 
of its light, created when a star with an orbiting 
planet is pulled slightly towards and then away 
from Earth by the planet's mass. Although it is 
biased towards detecting giant planets with 
enough mass to influence the movement of their 
star, in principle RV allows planets to be found 
in any size of orbit. It also provides clues to a 
planet's minimum mass (though not an absolute 
measurement on its own). 

The transit method, in contrast, is biased towards 
planets in tight orbits around their stars - simple 
geometry means that the bigger a planet's orbit is, 
the greater the chance that the planet can circle 
its star while never crossing its face as seen froma 
given direction in space. On the other hand, transits 
allow astronomers to find small planets whose 
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gravitational tug is probably too small to make an 
obvious impression on their star's light spectrum. 

“Before Kepler, we had no idea what percentage 
of stars had an Earth-like planet around them," 
points out Dr Stephen Rinehart. “We just didn't have 
enough of them to reach any conclusions, because 
finding those small planets is really hard with the 
radial velocity method." Kepler's hugely successful 
mission, however, identified thousands of transiting 
planets, offering a startling insight into just how 
common broadly Earth-like exoplanets probably are. 
Inevitably, though, its success has given rise to new 
and even more challenging questions. 

“The next step in exoplanet research is to start 
characterising individual planets," states Rinehart. 
“Not just counting them and knowing that theyTe 
there, but measuring features such as their masses 
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Manages the TESS mission, including 
engineering, safety, communication 
and public engagement. 


“Before Kepler, we 
had no idea what 
percentage of stars 
had an Earth-like 
planet around them’ 
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and perhaps even detecting their atmospheres. If 
you know the orbital period from transits, that can 
help vou identify changes in the radial velocity data 
even if it's a really weak signal. But you still need 

to have a good spectrum, and for that you need 
relatively bright stars." 

Kepler's long, deep stare across the galaxy netted 
a huge number of transits for its survey of the broad 
exoplanet population, but very few of its targets 
were bright enough to provide useful data when 
their light was smeared out by a spectroscope. As 
a result, the RV technique's usefulness is limited to 
just a handful of Kepler's discoveries. 

TESS, however, takes a different approach, 
designed specifically to find stars that lend 
themselves to follow-up RV measurements and 
other observations. Instead of harvesting vast 
numbers of faint stars in a single direction, the 
satellite will conduct a relatively shallow survey 
of bnght stars across the entire sky. As Rinehart 
explains: “Were looking for planets transiting stars 
within a couple of hundred light years as opposed 
to a couple of thousand for Kepler, so on average the 
stars are between 30- and 1O0-times brighter” 


In order to carry out its survey, TESS carnes a 
set of four cameras pointing in different directions 
on a single plane, like evenly spread fingers. Each 
camera has a 24 x 24-deegree field of view (huge in 
astronomical terms), so together the cameras cover 
a field of 24 x 96 degrees at any time. Developed at 
MIT's Lincoln Laboratory, the cameras are relatively 
small, with each light-gathering lenses just ten 
centimetres (four inches) in diameter, but they use 
highly sensitive state-of-the-art detectors to deliver a 
pin-sharp 64-megapixel image of the sky. 

Dr Rinehart takes up the story: “When TESS is 
observing, it looks at a single field of view for 27 
days. That field extends from six degrees above the 
ecliptic plane [the plane of Earth's orbit around the 
Sun, cluttered with nearby Solar System objects 
including planets and asteroids] to 14 degrees past 
the ecliptic pole. By tiling 13 of these observing 
strips over 27 days we can cover almost an entire 
hemisphere of the sky, including continuous 
coverage of the area around the pole. We start in 
the southern hemisphere, and then in the second 
year of the mission we flip around and look at the 
northern hemisphere. That way we cover nearly the 


“There's the potential for TESS to produce 
some feally interesting data about the late 
Stages of planet-forming diSCs"” stephen Rinehart 
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entire sky apart from a l2-degree band around the 
ecliptic itself." 

TESS's onboard systems carry out the first step 
in turning raw camera images into useful transit- 
hunting data. The satellite is programmed with a 
catalogue of around 200,000 preselected stars, and 
the camera electronics extract ‘postage stamps of 
each target star on the list every two minutes; each 
orbit produces 10.000 postage stamps. Once in each 
13.7-day orbit around Earth, this data is transmitted 
to the ground, where it can be converted into a light 
curve of each star's brightness over fime. 

In addition, every 30 minutes the cameras deliver 
a long-exposure image of their entire field of view. 
“That data's going to be really interesting,” enthuses 
Rinehart. “The primary goal of TESS is to find small 
planets, so when we select our target catalogue 
were aiming for stars where we could hope to find 
those kinds of planets. There aré certain stars, larger 
ones for instance, where we couldn't hope to detect 
an Earth-sized planet with this telescope, so we 
don't bother wasting the two-minute data from it, 
but those stars will still be on the full images." 

This means that while statistics suggest the 
mission may find about 2,000 Earth-like planets in 
the postage-stamp data, the full-frame exposures 
could reveal another 20.000 larger planets around 
other stars. “With Kepler there's a limited number 
of planets suitable for follow-up observations, but 
with TESS there should be a glut,” predicts Rinehart. 
“One of the challenges for the project is trying 


There is so much variation in 
the composition of exoplanets 
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SpaceX's Falcon 9 rocket will 
launch TESS into orbit 


to help organise the community for doing those 
follow-up observations - we don't want four people 
all deciding to do follow-up work on the same target 
at the same time!” 

But while TESS's primary goal is to deliver a 
flood of new planetary discoveries, that's not the 
only reason for astronomers to look forward to 
it. Regular 30-minute snapshots of the sky will 
capture changes in the brightness and appearance 
of celestial objects that have nothing to do with 
transits. Variable and pulsating stars, repeating 


stellar explosions called recurrent novae and the 
violent cores of active galaxies are just some of 
the objects where TESS could help shed new light, 
and that's without considering the possibility of 
completely surprising discoveries. 

“The Kepler team like to point out that half the 
papers generated by their mission have nothing 


to do with exoplanets,” reflects Stephen Rinehart. 
‘Tt was never planned, it's just that people in the 
community have gone ‘Hey, there's something 


else cool that I can do with this data.’ With TESS, 
there's no proprietary period - were going to get 
the data out there as quickly as we can, and the 
astronomical community is going to be able to 
go to town just looking through it for new and 
interesting things." 

As for Rinehart himself, once TESS is safely in 
orbit and delivering its data he's keeping an open 
mind as to what comes next. “Most of what I do 
is building stuff - my focus has always been on 
what questions need answering and what can I 
build to answer them. My primary science interests 
have been in star formation and the evolution of 
planetary systems, and I think there's the potential 
for TESS to produce some really interesting data 
about the late stages of planet-forming discs. I've 
not really had the time to plan out what my 
research programme is going to look like yet, but 
some people are going to do a lot of interesting stuff 
with that data regardless, and hopefully I'll get to be 
involved in it. 














eet in the outskirts of the Kuiper Cae awe Ce 


- planet could prove to be 


hake the lage) a= pete after.the erase : 
goddess of discord and strife, has certainly caused 
plenty of arguments and quarrel, much like its 
namesake. Its discovery was confirmed in iets a 
2005, igniting 2 huge debate as to what we define 
as a ‘planet’, This led to the demotion of Pluto toa 
dwarf planet in 2006, so Eris could never reach the, 
CHV CRe Mi temtsedee Eta meRds emcle)clmeyiciCseiP 

Mes Bae Ber eee eRe we ae 
massive, and second-largest, Oh tema) lels mie dol 
Elm tsi Rade sible Mier ae Toe] b Tne 
27 per cent, built is two per cent smaller in size, _ 

Bp vitae laital =, rate is much fe Settas Wit lemde teeny 
VieleeB ete Melee oars Botte late Eris is most 
‘likely a.large rocky. wisely ees (seb Bde ae 
TUE emi seb cml caePUem nT Se 

- «can change as the dwarf planet Neace in its orbit. 

. The orbit'of Eris is a peculiar one; it's highly 
esis and unlike the almost-circular orbits that 


By OF ates 


"it peer fol etter} 
: Meaty meie lta aeatee eae 
to trans-Neptunian objectshas” = * 
eet ye Mg Be Lg ae es 
Te Mriese econ geal i eRe Malian ls 
PAGER ee rer eR eer 
have at least 14-years-to tS 
eel ; 5 


7 





a 





esse) AM Mel =Bcie lee Rial esi is"believed.to Peg 


degrees Fahrenheit). 


ee cha ine ET travels. with its moon Dysnomia, © 
Brae Elica gree Nels eels 5 Cina oe 







an intriguing. etter Ce) 


El tats Bas planets appear to ae 118) eee 
Eris has an orbit that takes 557 Earth yearsto - 
complete, which reaches beyond the. aes oat at. 
its furthest point and can reach near Se see Se 
orbital distance at its‘closest approach. This » paae 
drastic distance variation from the Sun supposedly: - 
eri Babee els mel ecm anita atmosphere to 

ee) a and freeze on the ethate = rou abet rh 
aa VAS with Srinets aaa ica) 


from about “21/7 degrees Celsius (-359 eta 
Fahrenheit) to -243 degrees Celsius saa 


Te wwe le Events Bie Fertta tsy fees idole) | 


EERE HOE BI Cli Btls Be lenee lean Mil alae is 
why: there are only informed speculations on what 
a surface looks like, Ue ks ae 


© 3. Navigating to pee 
aC -M ulate) oa | 
eT -WeD Ole) aml ete lp lg emg | 
Eyer later: would have to travel 
through the asteroid belt Ratt 
Mars and Jupiter, : Pus a Is littered 
with billions of pieces re) Shes ha 





© 4. Gravitational slingshot Pre isis 





ps Peete 


. On‘one of these dates, at are | ree 


Sree aad ea ere alle 
men ea elated ele eal sla 


high-thrust lift-off would be the start : 


Much like the New Horizons spacecraft that 
travelled to Pluto, this spacecraft would also 
eR gravity of Jupiter to egg Li 
course and propel ete el lee em tg Eas ’, 
SE a ogee 












i . 
Eris has 4 diameter of 2,326 kilometres 
" (1,445 miles), making it G7 per cent , 
‘ Mee ele 


h 4 “a 7 : oe a 
Pd H . ae 


® 4 cS + 








: Cy rt 
eC \'e CB tg 
; , i _ As there are huge differences 
ee eel ial ple) 
fa) Mele) Mg Mel (el -Le-|eleperag| 
between Earth and Eris leaves a 
PE elite pete dee Come) sla 
Teele ean a aed 
sate : slice DU Meenas gett lee) ae 
: ra Tala football (soccer ball) and 
a squash ball 224,571 kilometres 
(139,542 miles) apart! ~ 


S 
es 





es, SE. cope gee 224,571 kilometres” 
5 | he ._ (139,542 miles) - . , rate Ea * 








Es 
a 
o A 
A 
. 
a a 
“ CT 
Fi 


CA kt 


a 
Co 
Ld 
. 
é 


25 











ot eM mm eT et eet Mate Dem mie of cd io |b 


Explorer's Guide 





Top sights to see on Eris 


There has been no visit made to Eris by a man- 
made spacecraft as of yet, and our telescopes are 
unable to decipher the true details of this elusive 
and dwarf planet. Scientists have only been able 
to estimate the properties of Eris, but what we 
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be a thrill in itself. These pieces of space rock 
could also prove to be the oldest material in the 
Solar System, answering several vital questions 
regarding the origins of life. 
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Dysnomia, the moon of Eris, is a piece of space 
rock gravitationally bound to the most massive 
dwarf planet in the Solar System. Since its 
discovery in 2005 by astronomers using the Keck 
Observatory in Mauna Kea, Hawaii, astronomers 
PEM OOO Me ees ee OC to Lede ken 
However, they have deduced that it is about a 
quarter the size of Eris and it completes one orbit 
every 16 days. When measuring the albedo - the 
oO Cas UNC am OMe AAO) Meee En mee) ete) 
EIOCO)bC 00 i-M el 010m 8 Laer cee lest ls ele mela 8] 0b ee 
ODN aM tO OMNI OTe tice 
Cee OOM see Os Nee ee 
inspection of the lone moon would we be able to 
POM Ce Ob eT=Me Tele e TOL CO) ene OA nT CO) Sn NEL e Ce) OB 

Oi ee eee Ol lem a) le Me hh 
studied since its discovery, but its true nature has 


not been fully revealed, although some clues 
OEM elas PMS ila ae tee oem Comers CC] aber 
feb me yt) gies lel 6) Naame 8) me Ue Ee ele eo ce LE) 
similar, but denser, physical properties, as well 
ema esa eee ee elect e] Abe lemon) em LO 
astronomers believe it could physically resemble 
Pluto, It is possible that nitrogen ice covers the 
surface, which is what gives it the much Seo 
SG een Ee 

arene ah el cM eee ass] Stl firig there 
could be some sort of cryovolcanism occurring on 
Eris that replenishes the surface. This occurrence 
has raised the question of what is eer roe Atle 
geological activity. Scientists een eeene 
it could be radioactive rocks near the wets conte ae 
EV Ma esi N MMi em isCale) melita Sg the cee 
Comte aie OVie cea 














Dwarf in orbit 


Eris completes one orbit around the 

sun every 557 Earth years. Due to the 
unusually elliptical and offset orbit 
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Kingdom in 1979. He 

has had a long-standing 
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answer the fundamental 
questions of the universe. 
This determination is what 
has since led him to become 
ge eect eee hl ees 
nO iA ele 
i etm tem gels ee el 
glee see) fem data 
Science. Jim has become 
a popular scientific figure 
in the public eye due to 
his fantastic television 
documentaries for the 
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Jim was appointed Officer 
of the Order of the British 
Empire (OBE) in the 2008 

Birthday Honours 
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The popular author, broadcaster and theoretical physicist 
has taken your questions this MONTH interviewed by Lee Cavendish 





a me Beh = space exploration be justified? 

ie ‘ahaa it can. I know that some might argue 
that if we are spending public taxes on scientific 
research, then why don't we focus it on more 
immediate challenges such as tackling climate 
change, or antimicrobial resistance, or finding cures 
for cancer and so on. People seem to think that 
space missions are a luxury, but I would come at it 
from a different direction. 

Firstly, many space exploration missions in the 
future will be privately funded or a collaborative 
effort between many countries. Secondly, I would 
suggest we compare how much it costs to fund 
a space mission with how much many countries 
spend on defence. In any case, this is more than just 
curiosity driven blue-sky research. Space missions 
help us develop new technologies that then get 
used in so many unexpected ways. 

Ultimately, for me as a scientist, space exploration 
is about answering some of the deepest questions, 
such as whether there is life elsewhere in the 
universe. If we stop seeking answers to questions 
such as this then that takes away from our 
very humanity. 










le 


With the recent discovery of water ice on Mars, is 
it possible we'll See (at least microbial) life 
there very soon? 5 

Tam not sure ets soon. Many scientists have 
argued that we will not be able to get a definitive 
answer to this question until we send a human 
mission to Mars. Also, robotic explorers, like NASA's 
Curiosity rover, can only scratch the surface and 
cannot do the careful digging down to search for 
fossil evidence of ancient microbial life there. 

That's the issue. We are almost certain there is no 
life, even simple microbial life, on Mars today. It's a 
dead planet. Billions of years ago it was much more 
Earth-like and could have supported life, so this life 
would only exist in fossil form. 

The only hope of life still being there today is 
if it is deep in the rocks and far from the harmful 
radiation on the surface. Again, though, to find this 
requires humans on Mars. So, were talking a couple 
of decades away I feel. 


Do you have a favourite space exploration 
mission ae aoc Voyager, Curiosity, Cassini)? 


Ig guess 51 yell have to say NASA's Cassini mission. 
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The Cassini 
spacecraft crashed 
into Saturn's 
atmosphere in 
September 2017 


The images it sent back of Satur, its rings and 
its moons were breathtaking. My favourite bit of 
science that we have leat from the mission has 
to be the exciting discoveries made from the flybys 
of the small moon Enceladus. This moon turns out 
to have liquid water under its icy surface because 
Cassini spotted jets of water vapour and organic 
material shooting out of its south pole, generating 
tremendous excitement that this tiny moon might 
be able to support microbial life. 

Liquid water means it's warm under the icy crust, 


“Space exploration is about answering 


some of the deepest questions, such as 
whether there is life elsewhere" 


NASA's Cassini revealed that 
a subsurface ocean is inside 
Satum's moon Enceladus 


@ NASA JPL-Caltech; Adri Mam; 
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and so must have a source of energy insideit ent “IUCN aS We Would like to have the Star 
Trek transporter room realised, it’s not 
going to happen in our lifetime’ 


going by Saturn's magnetic field). So the ingredients 
necessary for life are all there (energy, liquid water, 
organic molecules - the building blocks of life). 
Whether there really is microbial life there, as there 
might be under the Jovian moon Europa's icy 
surface, we have yet to find out. 







In your book What's Next? you talk 
about teleportation, With the 

news of Chinese astronomers 
successfully transporting an 

object from Earth to a satellite in 
space, does this count as a major 
step forward in being able to 

oa a LL 


Caister no. [tis certainly an 
important scientific advance, but only 
really in terms of our ability to use quantum 
entanglement for a new kind of encryption that is 
going to prove very useful in the future. Particularly 
when quantum computers come online and are 
able to crack the current ‘public key’ encryption 
method we currently use to safeguard, for example, 
our credit card details online. 

You see the Chinese result is more about how 
far apart two photons can be and still remain 
entangled. This is a very, very, very far cry from 
entangling the trillions of atoms necessary to make 
up a human. Much as we would like to have the 
Star Trek transporter room realised, it's not going to 
happen in our lifetime. 


Wormholes could be causing 
quantum teleportation 


GH ASA; ESA; Sayo Studio; Tobias Ro etech; Richardc39 


As quantum teleportation disagrees with 
Einstein's theory of relativity, do you 
think there is the need for a new 
shortens ge liek 


“Well tient is eran a need 
for a new fundamental theory 
in order to unify the two 
big frameworks describing 
reality: quantum mechanics 
and Einstein's general theory of 
relativity. 
I suppose quantum teleportation 
highlights this in a very direct way and is 
the reason Einstein hated entanglement, calling it 
‘spooky action at a distance. However, there is a 
elimmer of hope. Recent research has suggested 
there may in fact be a very profound link between 
entanglement/teleportation and the predictions of 
general relativity. 

In 1935, Einstein published two seemingly 
unconnected papers. One [of the papers was] on 
the problems with entanglement violating speed- 
of-light limit, and the other [was] on wormholes. 
Tt tums out that the two may be connected. The 
reason we might be able to teleport by exchanging 
information instantaneously between entangled 


particles is because they are joined by a microscopic 
wormhole: a shortcut outside of our space-time. 
This is still speculation, but it’s pretty cool if correct. 


If the Big Bang created space-time, and there is 
no ‘before’ or ‘outside’, then how do we come 

to terms with cosmic ssieemiel What's it 
expanding into? | 

The universe is nt muertos int aarvitine since 
there is no ‘outside’ in this version of cosmology. 

In fact, even if the universe is infinite, it can still 
expand. It doesn't need space outside of it to be able 
to fill since it contains all space anyway. It's just that 
space is stretching. 

Of course, there are now speculative ideas 
about whether our space-time is all there is, 
and maybe ours is just a bubble universe in a 
multiverse of many such bubbles, in which case 
we are expanding into this multiverse. Similarly, 
some cosmologists are even daring to consider the 
question of what came before the Big Bang. Did 
OUI UNiverse pop into existence within this already 
existing multiverse? 

These questions are on the boundary between 
real science (they are extensions of Einstein's ideas) 
and metaphysics (since we have no way yet of 
testing them). 


Our.universe could be just . 
one of many, meaning we 
could be a part of a multiverse 


How well do you think the current Big Bang 
model explains the creation of the universe? Is 

it possible it could have been an implosion of 
another universe? Gareth Jones 

The current Big Bang model does not explain the 
creation of the universe. It explains what happens 
once the Big Bang has taken place and not its 
cause. In fact, our current theories based on general 
relativity break down at the point of the Big Bang 
itself - the initial singularity. 

We can test some ideas, like the shape of space- 
time, the amount of matter and energy in our 
universe and the rate it is expanding, and these 
can tell us something about how it must have 
started out. But we have no way of finding out (yet) 
whether our universe was formed from the collapse 
of a previous one. 


Did time go slower after the Big Bang? 
Victoria Wilkinson 
There are all sorts of theories about such 
fundamental things like the rate of flow of time, 
the speed of light, the structure of space, but until 
we have tests that can help us decide which of 
these is correct, they remain beyond real science. 
The ideas about time are particularly confusing and 
counterintuitive. 

On the one hand, we talk about space expanding 
from the Big Bang and continuing to do so -in 
fact, even speeding up. Yet on the other hand, we 
Teally mean 4D [four dimensional] space-time 
is expanding. 





“Dark matter is frustrating because we 
have been looking for it for decades now 
and have come up empty-handed’ 


But what does this mean about the way the flow 
of time is changing? I will come clean and admit 
that this is something that has always baffled 
me. Maybe there are cosmologists out there who 
understand what this means. I must remember to 
get one of them to explain it to me. 


Pane lavar tls) a 
mete May leek ese e 
minism at OED in 2011 
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Do you think we'll ever discover dark matter and 
dark energy? Lee Jenkins 

Of course we will. Wee just not there yet. Dark 
matter is particularly frustrating because we have 
been looking for it for decades now and have come 
up empty-handed. 

Most astronomers are convinced it’s out there, 
but we don't know what it's made of. We see how 
it influences matter around it, for example, by 
holding galaxies together, but it has to be made of 
a new kind of fundamental particle that we have 
yet discovered. 

Dark energy is more baffling and we know less 
about it, but we will get there eventually. There 
is even the (remote) possibility that neither dark 
matter or dark energy exists. In this case, what we 
need to dois modify Einstein's theory of gravity 
to account for this behaviour at large distances, 
more pull at galactic scales and antigravity at even 
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greater scales to explain the accelerating expansion 
of the universe. 

Just don't mention this to people working in the 
field of dark matter/energy! They understandably 
get very upset with the suggestion that they are 
chasing ghosts. 


Is time travel possible? Tyler Williams 

Depends what you mean. If it’s time travel into 
the future then yes, this is possible, and indeed 
happens routinely when particles travel close to 
light speed, because that is when their time slows 
down. For example, particles called muons, created 
in the Earth's upper atmosphere, only live a couple 
of millionths of a second if standing still, but they 
hurtle down towards the Earth's surface at close to 
hight speed, which slows down their time. You see 
even at such high speeds, it would still take them 
longer than their lifetime to reach the surface, and 
so we would hardly see any arriving, and yet most 
do get down because they are living their lives in 
slow motion - despite their speed, if you catch my 
meaning. 


“Time travel into 
the past is trickier, 
because it leads 

to all sorts of 
paradoxes, but it's 
not ruled out” 


Essentially, they are travelling into the future: 
If you head off in a rocket at near light speed and 
come back to Earth a vear later, according to your 
time, you may find that a hundred years have gone 


by on Earth, because your time was running slower. 


5o, you've travelled 99 years into the future. 

Time travel into the past 1s trickier, because it 
leads to all sorts of paradoxes, but the fun bit is 
it's still not ruled out entirely by Einstein's theary 
of relativity, which is still our best theory on the 
nature of time. 


Artificial Intelligence and robotics have vast 
potential for future space travel 


34 


What effect would artificial intelligence [AI] have 
on astronomy in the future? Dolly Brittain 

One of the most obvious effects it will have is that 
we can send Al space missions out to explore the 
Solar System and beyond. We already have robots 
on Mars, for example. Al machines are going to be 
much more durable than our own fragile bodies in 
enduring the challenges of space travel. 

We are also going to see Al analyse the vast 
volumes of data we are getting from all our 
observational astronomy. They can already do this 
much more quickly than any human and have 
been doing so since the first electronic calculators 
were invented. AI will also be much better than 
us In recognising pattems and picking up subtle 
properties of the electromagnetic radiation we pick 
up in our telescopes. 


Could you tell us your thoughts on humans 
having free will and being part of a clockwork 
universe? Rachel Goddard 

I give a talk on this very subject and try not to 
depress the audience too much. While the idea of 
whether or not we have free will has been tackled 


by psychologists, neuroscientists and philosophers 
for a very long time, I think physicists can have 
some say on the matter based on our understanding 
of the fundamental laws of the universe. 

While the likes of Galileo and Newton descnbed 
the clockwork Universe as a reductionist, 
mechanistic reality in which everything is made of 
fundamental building blocks obeying simple rules 
that we could, in principle, work out, Einstein then 
went further. His theory of relativity describes a 
4D space-time in which all times coexist. 50, it's 
not just that the future is predetermined - what 
happens now will decide what happens next - but 
that it is already ‘out there’ waiting for us. 

While some argue that quantum mechanics 
brings back an element of indeterminism - things 
happening by chance and not yet determined 
exactly - this doesn't really rescue free will. 

The best I can say is that we are unable to 
predict the future reliably unless we know the 
state of the entire universe at present to infinite 
accuracy. Since this 1s in practice impossible, it’s this 
unpredictability, not whether or not the universe is 
clockwork, which gives us the ‘illusion’ of free will. 
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cribbled in pencil on one of its early pages 
is no copying without the author's consent. 
In October 2017, Hawking's allowed his PhD 
thesis - Properties of Expanding Universes - 
to be made available online through the University 
of Cambridge's Apollo portal. The website crashed 
almost immediately under the sheer weight of 
traffic. It was downloaded almost 60,000 times in 
the first 24 hours alone. 
Hawking was 24 years old when he recetved 
his PhD in 1966 and, despite being diagnosed 
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Written by Colin Stuart 





with motor neurone disease at just 21, could still 
handwrite that “this dissertation is my original 
work.’ In a statement to accompany its release, the 
now 76-year-old physicist said: “By making my PhD 
thesis Open Access, I hope to inspire people around 
the world to look up at the stars and not down at 
their feet; to wonder about our place in the universe 
and to try and make sense of the cosmos.’ Here All 
About Space breaks it down, guiding you through 
the physics until we reach the conclusion that made 
Hawking a household name. 
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Stephen Hawking’s thesis 





What's it about? 


in Hawkineg's PhD thesis relates to Albert 
yp Einstein's General Theory of Relativity - the 


more accurate theory of gravity that replaced 
Isaac Newton's original ideas. Newton said 
gravity was a pull between two objects. 
Einstein said that gravity is the result of 
massive objects warping the fabric of space 
and time (space-time) around them. According 
to Einstein, Earth orbits the Sun because we're 
caught in the depression our star makes in 
space-time. 

Hawking applies the mathematics of general 
relativity to models of the birth of our universe 
(cosmologies). The earliest cosmologies had 
our universe as a static entity that had existed 
forever. This idea was so ingrained that when 
Einstein's orginal calculations suggested 
a static universe was unlikely, he added a ied 
‘cosmological constant’ to the maths in order 7 Ss ae 
to keep the universe static. He would later i . . . ee 
reportedly call this ‘greatest blunder Hawking applies the mathematics 

Things began to change when Edwin ae ee 
Hubble made an important discovery Hawking Of Peneral relativity to models of 
writes: “the discovery of the recession of “ . " 
the nebulae [galaxies] by Hubble led to the the birth of OUT UnNIVeTSe 
abandonment of static models in favour of . 
ones in which weTe expanding.” 
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Our orbit around it 





Edwin Hubble proposed 
the idea of an expanding 
universe in 1929 
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some astronomers seized the idea of an as the universe expands. There was no | Many different models can be consistent 

expanding universe to argue that the initial creation event. with it. He says that's “one of the ( F 
universe must have had abeginning-a | Hawking spends chapter one of his weaknesses of the Einstein theory.” y 
moment of creation called the Big Bang. thesis taking down the premise, formally The famous physicist then shows 
The name was coined by Fred Hoyle, encapsulated in a model called Hoyle- that a requirement of Hoyle-Narlikar 

an advocate of the alternative Steady Narlikar theory. Hawking laments that theory appears to “exclude those models 

state Model This theory states that the although the General Theory of Relativity | that seem to correspond to the actual 

universe has been around forever and is powerful, it allows for many different universe.’ In short, the Steady State Model | af 

that new stars form in the gaps created solutions to its equations. That means fails to match observation. y 


se: 2 i ee §8§8§6Space: it looks the 
oe a same everywhere 


— | ne F: i‘. - t ae i | ah Hawking says that the assumptions of the Hoyle- 
. a? ae eee a “ge : Narlikar theory are in direct contradiction of the 
: ee — ie es. ' Robertson-Walker metric, named after American 


physicist Howard P. Robertson and British 
mathematician Arthur Walker. Today it is more 
widely called the Fnedmann-Lemaitre-Robertson- 


: Walker (FLRW) metric. A metric is an exact 
' eee — ol o solution to the equations of Einstein's General 
pow: (a - 3 a Theory of Relativity. Devised in the 1920s and 
- —— Se 1930s, FLRW forms the basis of our modern model 
ee —_— | of the universe. Its key feature is that it assumes 
5 ee i matter is evenly distributed in an expanding (or 
- ) . —— ; contracting) universe - a premise backed up by 
, ae Be ie —  « - astronomical observations. 
, ae oo Interestingly, Hawking offers Hoyle and Narlikar 
’ ae ae m “ae aray of hope. "A possible way to save the Hoyle- 
’ oe Narlikar theory would be to allow masses of both 
positive and negative sign,” he writes, before 
tees | adding: “there does not seem to be any matter 
.— : et ee | Pe | having these properties in our region of space” 
a ie ae ‘ Today we know that the expansion of the universe 
is accelerating, perhaps due to dark energy - a 









shadowy entity with an anti-gravitational propert 
NPURCo@ ch eet ta le SS ce ans ee beperty 
a i. distributed perhaps akin to particles with a negative mass. 
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Uniform cloud 

With top-down formation, 
a relatively uniform cloud 
of material would slowly j 
start to contract. Spin 

As the cloud 
contracts, it will 
begin to spin as 
random collisions 


First star formation at ee a ewe 
As the density of material ee 
increases, the first stars E 
would start to form in smaller 

collapses in the cloud. 





The problem 
with galaxies | 











Even geniuses get it wrong sometimes. 
Hawkine's second chapter coyers perturbations 
SEU IIMS OSs w OOS ae eel ee Ae Come 
space-time - and how they evolve as the 
universe expands. He says that a small 
OUR NE Rs CeO sl ae ee) nes ede Oe nee: 
galaxy. Later in the chapter he goes on to say: 
“we see that galaxies cannot fonm as the result 
Palin Blamed Ce) ANA) bes) e) ee 

SUE Ieee time edie m inne mrie nS 
day picture of how galaxies form. The key 
ingredient Hawking was missing is dark 
matter, an invisible substance thought to 
be spread throughout the universe which 


provides a gravitational glue that holds galaxies 


together. Dark matter gathered Elica] bhata 
ONE e Oe TOU oe OL ne ea Ok 
shes Ap Tel-M UE UNle toe: vaca pene) Comber lcaere lm brea 
Eli e-e eb alace elena a 

Our modern working cosmological picture 
is known as the CDM model (pronounced 
Lambda CDM). Lambda is the Greek letter . 
cosmologists use to denote the cosmological 
constant that Einstein originally introduced 
(albeit for the wrong reasons). CDM stands for 
cold dark matter. These two factors have been 
added to the FLRW model since Hawking 


1 wrote his thesis. 





Stephen Hawking’s thesis 


Gravitational 

7 
waves don't 
disappear 
Where Hawking was wrong on galaxies, he was 
very right on gravitational waves - nipples in the 
fabric of space-time that move outwards through the 
universe. They were predicted by Einstein when he 
first devised his Theory of General Relativity back 
in 1915, and in Hawking's time were also known as 


gravitational radiation. 
Hawking uses Einstein's equations to show that 









staVitational waves ee gravitational waves aren't absorbed by matter in 
colliding neutron stars rats the universe as they travel through it, assuming the 
eae ala Tain PINRO le cel pterg PO universe is largely made of dust. In fact, Hawking 





says that “gravitational radiation behaves in much the 
same way as other radiation fields [such as light]." 
i . . Be 5 The physicist does note how esoteric the topic 
Hawking uses Einstein S is in the 1960s. “This is slightly academic since 
. | | gravitational radiation has not yet been detected, let 
equations to show that sire vestigne 
: : | 1 It would take physicists until September 2015 to 
Bi avitational Waves dl eft t detect gravitational waves for the first ime using the 
: . Laser Interferometer Gravitational-Wave Observatory 
abs Of bed by matter lf) the (LIGO) They were produced by the collision of two 
black holes - one 36- and the other 29-times the mass 


univer Se ds they GE avel thr Ou oh’ of the Sun - about 13-billion-light-years away. 





| Clustering 
As more stars 
form, they would 
start to interact 
with each other 
and begin to 

| forma group. 





Elliptical 
structure 
It is not necessarily 


Spiral structure ae | | the case that 

The rotation of the P spiral and elliptical 
cloud will flatten it | Gal axy formation galaxies form in 
into a disc, which Naat _ Eventually, enough , these two different 
itself can separate into & _ stars come together . | ways: it may be 
sweeping spiral arms. a hi i a to forma galaxy, 2 possible to produce 
-—- then establishinga — Seelam 
galactic rotation. 


Bottom-up 
In bottom-up formation, 
stars would first start to 
= form from variations in 
| the overall universe. 

























Stephen Hawking’s thesis 


a Hawking is heading for a 

at groundbreaking conclusion, but first he 
% st q sets himself up by introducing the idea 
Shy. of the overall shape of space. There are 
ad . three general forms the curvature of 


o 


space can take: open, closed or flat. 
closed universe resembles Earth's 

surface - it has no boundary. You can 

keep travelling around the planet 
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The spiral of our 
own Milky Way 
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| Are we living in an open, 
closed or flat cosmos? 


without coming to an edge. An open 
universe is shaped more like a saddle. 
A flat universe, as the name suggests, is 
like a sheet of paper. 

Imagine a tangle drawn onto the 
surface. We all learn at school that the 
angles inside a triangle sum to 180 
degrees. However, that's only the case 
for triangles on flat surfaces, not open 





or closed ones. Draw a line from the 
Earth's North Pole down to the equator, 
before taking a 90-degree tum to travel 
along it Then make another 90-degree 
tum back towards the North Pole. The 
angle between your path away from and 
towards the North Pole cannot be zero, 
so the angles inside that tnangle must 


| add up to more than 180 degrees. 





The universe is flat! 


Hawking then links the idea of open 
and closed universes to Cauchy surfaces, 
named after the French mathematician 
and physicist Augustin-Louis Cauchy 
(1789 - 1857). A Cauchy surface is a slice 
through space-time, the equivalent of an 
instant of time. All points on the surface 
are connected in time. A path along a 
Cauchy surface cannot see you revisit 

a previous moment. In Hawking's own 


words: ‘A Cauchy surface will be taken 
_ to mean a complete, connected space- 


like surface that intersects every time- 
like and null line once and once only" 


He then says that closed universes 


_ are known as “compact” Cauchy surfaces 


and open universes as “non-compact” 
ones. The former example is said to 
have "positive" curvature, the latter 
“negative’ curvature. A flat universe 
has zero curvature. He moves on to set 
up the landmark assertions he's about 


| to make about singularities by saying 


they are ‘applicable to models... with 
surfaces... which have negative or zero 
curvature. Modern astronomers believe 
the universe is flat, meaning its zero 
curvature satisfies Hawking’ conditions. 
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Stephen Hawking’s thesis ¢~ ae 


“Hawking says that space-time can begin 
and end at a singularity, and what's more 





Foy as 


he can prove it” 


a . 
Hawking drops 
a bombshell 
Most of the early chapters of Hawking's thesis are 
unremarkable - they don't offer anything particularly 
revolutionary, and he even get things a few things 
wrong. However, in his final chapter the physicist drops 
a bombshell that will make his name and ignite a stellar 
career, during which he will become one of the most 
famous scientist on the planet. 
He says that space-time can begin and end at 
a singularity, and what's more he can prove it. A 
singularity is an infinitely small and infinitely dense 
point. It literally has zero size, and space and time both 
end (or begin) at a singularity. They had been predicted 
for decades, particularly when physicists started to apply 
Einstein's General Theory of Relativity to the picture 
of an expanding universe. If the universe is expanding 
today then it was smaller yesterday. Keep working back 
and you find all matter in the universe condensed into 
a tiny, hot point - the moment of creation, a Big Bang. 
But just how do you prove that you can indeed get 
singularities in space-time? 
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f Stephen Hawking’s thesis 
. 


Hawking's proof that the Big Bang happened 
Hawking's proof leans on a very old such a universe would be simultaneously universe could have had a origin. The Big 
method for proving a mathematical both open and closed - compact and Bang theory had just received a significant 
theory: proof by contradichon. First you non-compact at the same time. “This is shot in the arm. Hawking started to 
assume the thing you are trying to prove a contradiction,” Hawking says. “Thus write his PhD in October 1965, just I/ 
isn't true, then show that the resulting the assumption that space-time is non- | months after the discovery of the Cosmic 
conclusions are demonstrably false. In fact, | singular must be false.” Microwave Background - the leftover 
Hawking's most important section begins In one swoop Hawking had proven that energy from the Big Bang. Together these 
with the words “assume that space-time it is possible for space-time to begin as a discoveries buned the Steady State Model 
is singularity-free.” There then follows singularity - that space and time in our for good. 
some very complicated maths to show that | | Meee 
The beginning 

Time after the Big Bang: O seconds 
+ The absolute beginning of our 

universe (according to the Big Bang 

theory), starts out as 


a dense, hot, timeless, 
dimensionless singularity. 


Cosmic inflation 
re Time after the Big Bang: 
— 1036 seconds 
Arapid expansion phase 
after the Big Bang 
increases size of the 
universe from that of 
 anatom toa football. 
bie _ The universe is made of 
___ pure energy. 


Cooling and quarks 
Time after the Big Bang: 
10-32 seconds 

After inflation ends, the 
universe cools enough 
for subatomic quarks, 
electrons and other 
particles to form from 
the available energy. 


First stars and galaxies > 

are born ber) 
Time after the Big Bang: we a 
Around 200-300 million years | - Ne 
Hydrogen and helium gas 

clumps collapse under gravity 

to form the first stars. They 

form inside galaxies, which lie 

in dark-matter halos. 


Atoms formation 

Time after the Big Bang: 380,000 years. 
Further expansion and cooling means 
subatomic particles form into atoms. 
Hydrogen, helium and lithium fill the universe, 
which now becomes transparent as a result. 


Present day 

Time after the Big Bang: 13.8 billion years 
Several generations of star formation and 
destruction creates and spreads chemical 
elements throughout space. That in turn creates 
planets with complex chemistry and even life. 
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With Budweiser's intention to make itself the 
beer of Mars, All About Space digs a little 
deeper into its beneficial implications 
he formidable task of putting humans Se ca yiiaetitellaslste) ake aclcker rim teehee ete ltetel e ep 
on the surface of Mars seems to be very Capa a ate yee dO R Tes D a wees ees ewe acee ee = 
newsworthy at the moment, especially ~ set of obstacles, Although’some people say it isn't 
with the surging efforts of SpaceX, Virgin necessary to have beer in space or on a different 
=) Efeln lems t elem pF vols a elmo e) eared ober ne) eo A ee ents amimtcjall Belcests (ete lets ee alltel smrelsl ademas tle! 
lonf-withstanding desire to, once again, go where PEM =m =I BCOL SORE ii) e mee) ee else coer a 
ae ntemrne tee eh gone before. But with all these efforts Water extraction in extraterrestnal environments. 
ete Merete Reece em eR eee ceM Elect el tee On 21 November 2017 Anheuser-Busch, the 
fe) e=FVAN Ea Le) em Otro bcos re Mele COB) et Ce) RTE LM RO) U TROON EO) Mea WOR a io eee eee ee ak : : 
momentous occasion. Last year, the international were taking the first steps in upholding their s 
Et=/=) ma htinel eh iCe)me a UCONN akc mes ODE OUT ele 8 eed eC foe] WUL EH YING Ls) 0) MOM OL eT BON ecm )aevee E 
make its 142-year-old product the ‘beer of Mars.’ This announcement outlined its plan to conduct | 
“With this bold, new dream Budweiser is nO 4h INT ON aN Lee) OMA Olam Otel MbINNCe LN a cle elec ae 
celebrating the entrepreneurial spirit in which humans have ever created, the International 
our iconic brand was founded upon. Through : ; he) ae le eee We) ORO ered es Ph ele ae | 
Sere) Oa) (a3 0 eee ee er IPI A me) ee DETR TO\tecLn LO) ay the Center for Advancement of Science in Space 
+ Budweiser can today be enjoyed in every corner of = (CASI), a non-profit organisation that manages the 
the world, but we now believe it is time for the ‘King United States National Laboratory on the ISS. With 
. Of Beers’ to set its sights on its next déstination,” the research facility available for use, Anheuser- 
_ Says Ricardo Marques, vice president of marketing = Busch then had to prepare the two experiments 
at Budweiser. “When the dream of colonising Mars to be sent, which led to an additional collaboration 
_ becomes a reality, fsietel nists san al lM el-Riet=s(-B rene ta with Space Tango. nae 
_ the next great step for mankind.” Space Tango is a payload development company ‘ 
See e@ lett amos eck TaN le latest e hem ant =y that created its own CubeLab modules and which 
ST e)s Mca elem ste eM ee eae RRS TOLNN ~ will house the two individual Seal veTtnt sae sinter i: 
- significant challenges. It is one thing to put humans — include ahandful of neva aq eines (Oo Oe Boe ~ 
~ on Mars and colonise the harsh, dry planet, but barley is a key ingredient in the production , 
ey aie : acts , - al 
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Space beer 


of the world's most popular lagers. On 15 December 
A017 SpaceX launched its 13th resupply mission to 
the I55, shooting a Dragon capsule with about 2,177 
kilograms (4,800 pounds) of research equipment, 
including these ever-so precious barley experiments 
into space. 

In one cube, the barley seeds will be left in 
storage to see what happens when they're exposed 
to a Microgravity environment for a month. In the 
other cube, the seeds will be fed and watered over 
the same period to see how they grow in the same 
research facility, also known as seed germination. 
Qn Earth, barley will grow between six and ten 
inches (15 to 25 centimetres) in two weeks, but who 
knows what length it could grow to without the 
constraints of gravity restricting its development. 

With the journey to the Red Planet taking 
roughly seven months, the effects of microgravity 
as they are hurtling through space could cause 
major damage to the ingredients. This is not 
only upsetting - as you can no longer have a cool 
refreshing alcoholic drink on a different planet - but 
it is also highly inefficient, as worthless baggage 
means wasted spacecraft fuel This is why initial 
investigations have begun with two short-term 
experiments on board the relatively nearby ISS 





laboratory. These experiments will also play a large 
role in understanding how to brew the Bud once 
humans have colonised Mars. Mars has a diameter 
of 6,779 kilometres (4,212 miles), which is 53 per 
cent the size of Earth, and is about ten-times less 
massive than our home planet. This leads to a 
much weaker surface gravity on Mars, where it is 
only 38 per cent of Earth's. This would mean youd 
weigh roughly a third of your Earth weight on 
Mars. Although our Martian probes have done a 
fantastic job exploring the surface, they cannot tell 
us what it would be like starting a farm, so to see 
what effect low gravity has on plant germination is 
vital in this research. 

There have been many agricultural experiments 
completed on board the ISS. Throughout the years, 
the floating home has grown many plants and 
vegetables as it provides many advantages for a 
manned spaceflight mission. The art of growing 
vegetables in space would mean that the crew could 
minimise the amount of room taken up on the 
spacecraft, making it more sustainable. Not only 
that, but it can have a huge psychological benefit 
to the astronauts, providing them with an activity 
that gives them a sense of comfort and relaxation. 
When youre on a long-term spaceflight, for example 


“When the dream of colonising Mars 


becomes a reality, Budweiser will be there 


to toast the next great step for mankind" 
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a seven-month flight to Mars, these benefits can 
prove vital. 

Dr Gary Hanning, the director of Global Barley 
Research for Anheuser-Busch, explained to All 
About Space that this research presents a rare 
opportunity to study barley in a way that can 
improve its quality on Earth, as well as off it: “As 
Budweiser works towards its goal of being the first 
beer on Mars, taking the first steps with barley 
expenmentation on the Space Station [ISS] allows 
us to investigate various key traits, like germination, 
in an even more extreme environment,” says 
Hanning. “[This is] information that is pertinent to 
our goals of developing high-quality malting barley 
here on Earth, and Budweiser on Mars." 

There are complications though, as plants 
require a specific environment that is best suited 
for Earth, and not the harsh territories beyond. 
This list includes space (both height and between 
plants), nutnents for plant growth, water, a specific 
temperature and the appropriate light intensity. 
“All these present unique challenges on Mars. 
Those same factors are critical for barley growth on 
Earth,” Hanning continues. "For malting, the key 
Parameters are water, temperature and air flow. 
How to have those available will be important for 
any industry in space." 

It is key to realise that the motivation to make 
Budweiser the go-to alcoholic drink that is on 
average about 245-million-kilometres (140-miullion- 
miles) away will have long-standing effects on 
extraterrestrial habitation, and not just for growing 
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What's 18) 8) with ar _ Mars’ atmosphere 

Mars’ heri is 100- 
ve Mahal P | beer eal Mars? ae Mee ene ae serach 


means the bubbles won't rise in the 





With a weaker gravity, further distance carbonated drink, faling to separate 
from the Sun and literally no. atmosphere, dae 


brewing beer on the Red Planet will be a 
much harder task than it is on Earth 


Temperature changes 
The temperature on Mars can range from pet Lack on sunlight 
ee eee emer eee _ With Mars same less than half as much 


on a summer day to -73 degrees Celsius sunlight as on Earth, this means plants will 
(-100 degrees Fahrenheit) at night. This struggle with their growth. This could lead 


Ceree difference Se eae major — to the important development of portable 
problems with ingredient storage and artificial light to satisfy its demands. 
the brewing process. The optimal storage 


temperature is between 3-4 degrees 
Celsius (38-40 degrees Fahrenheit). 


Wet burps 

The lack of gravity will fail to push the 
carbonated bubbles to the bottom of an 
astronaut's stomach, causing ‘wet burps. 
This is due to the bubbles making their 
way back up through your body. 





Dry surface 
The water on the surface of Mars has 
all dried up, and the only way to come 
across this valuable resource will be 

— to drill under the surface. As 

_ Budweiser is mostly water, this will 
be a crucial process. 


Astronauts’ lack of taste 
| It's commonly known astronauts lose 
their sense of taste on the ISS. This is 
due to the swelling of their tongues, 
and could lead to not being able to 
— fully appreciate the refreshing taste of 
’ Budweiser on Mars. 
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MTOM MON eC PSCe TGP eLU Celta | 
different organisms in space has been a 
feature of the ISS for years 


food. Officials at Budweiser have outlined that 
they hope to tackle the issue of extracting and 
desalinating the water on Mars. 


NASA's Mars Reconnaissance Orbiter has recently 


discovered eight sites of buried water ice locked 
away Over nine metres below some steep slopes. 
This water could provide future explorers with 
an essential liquid, needed for the human race to 
survive on Mars. Unfortunately, Mars’ inhospitable 
surface conditions, mean water will not exist as a 
liquid - as surface oceans, lakes or even puddles. 
As 90 per cent of Budweiser is water, it's essential 
to have fresh water in order to manufacture the 
refreshing, crisp taste in an alien environment. 
Tapping into the water extracts hidden away on 
the Red Planet is one thing, but desalinating it 
and making it safe for human consumption is 
another. Particularly when it comes to 
perchlorates, which are harmful and 
toxic chemicals that has been 
proven to reside in Martian 
soll. Although there are 
processes used on Earth 
to desalinate water, such 
as swapping out the salt 
molecules - known as ion 
exchange - and pushing 
water through a tiny 
membrane to leave the 
harmful molecules behind - 
also known as reverse osmosis 
- there is an issue with bringing 
these processes to Mars. The 
issue with these processes is that the 
equipment is very fragile, and if just one piece 
breaks, it would take at least another six months to 
get a replacement out there. Nonetheless, it is 
f still feasible. 
When it comes to examining how microgravity 
changes different types of vegetation, yeast has 
z already been the subject of many expenments on 
@ the ISS. Due to humans and yeast sharing /O0 per 
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“Plants require a specific environment that 
is best suited for Earth, and not the harsh 
territories beyond’ 


cent of the same genetics, yeast has become the 
closest match for testing the effects of space on 
human cells. The results from this study showed 
that spaceflight could have damaging effects on the 
cellular processes in yeast, which could also prove 
harmful for our astronauts wellbeing. 

This degree of exposure in a harsh environment 
can also damage another important ingredient 
of Budweiser, rice. In August 2011, 100 grains of 
brown rice were sent to the ISS with the intention 

of measuring its germination rate and the 
affects of storage on the crop. The metal 
container holding the test subject 
was kept outside the laboratory, 
where it witnessed the harsh 
environment of space. The 
results showed that when 
half the rice was removed 
after 13 months, and the 
other half in 20 months, 
the rate of germination 
had decreased more than 
48 per cent when compared 
to the samples taken on 
Earth. This proves that space 
travel will have a damaging 
effect on the noe, which will 
consequently have a negative effect on 
the beer brewing process. 

Hops give beer its bitter flavour, which is the gem 
of Bucweiser's taste. To grow hops, much sunlight 
is needed in order to blossom. This is a problem 
on Mars; as the Red Planet is much further away 
from the Sun than Earth, it only receives less than 
half as much sunlight. Artificial light will become 
a necessity because of this predicament, and the 


development of artificial hight will benefit many 
plants and crops while colonisation settles down. 

The work that has already been done, and what 
we already know about the brewing process, has 
shown there are inherent problems to overcome. 
With all that being said, the work that is being 
done both here on Earth and in the [55 laboratory 
will provide long-lasting, important and beneficial 
improvements on how we counteract agricultural 
and water-based problems for space travel. 

On the 13 January 2018, the ISS released the 
spaceX Dragon cargo containing the experiments, 
where it splash-landed in the Pacific Ocean at 
3:36pm Greenwich Mean Time (10:36am Eastern 
Time). “The samples are expected back in Fort 
Collins (Colorado, United States] later this week. 
Then, we will begin the genetic analysis and 
interpret those results. We are already in discussion 
with SpaceTango on the next experiments,” 
explains Hanning, only two days after the Dragon 
capsule's splashdown. 

When asked about what the next step is for 
making Budweiser the beer of Mars, Hanning 
replied: “We are focused on barley production. A 
part of that is linking with other plant scientists 
working in space on various aspects identified as 
limiting for agricultural production. 

“There are many projects by other scientists 
focused on fluid dynamics that will benefit AB 
[AnheuserBusch] when the time comes to move 
the micro-gravity brewing aspect ahead.” 

50 while we wait on the preliminary results to 
come back concerning the barley experiments, all 
we can do is Just sit back, close our eyes and dream 
about the day we can crack open a cold one on the 
neighbouring Red Planet, Mars. 
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NASA is one step closer to revisiting Rosetta’s comet 











and bringing a piece of it back home 
Written by Natalie Starkey 


ASA have some speculative yet 

cee RRO RL Me Sete Ree) e Nl 

6/P/Churyumov-Gerasimenko (hereafter 

6/P), first visited by the ESA's Rosetta 
spacecraft in 2014. The potential new comet mission 
called CAESAR - Comet Astrobiology Exploration 
sAmple Return - would become the first spacecraft 
to collect samples from the surface of a comet and 
return them to Earth. 
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absolutely tremendous news! There are still many 
unanswered questions about 67P" says Professor 
ETOP erase ete eves W mee eM OeUat ec) anaes e ee) e Paced esd 
investigator of Ptolemy on Rosetta’s Philae lander. 
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In December 2017 CAESAR was selected as 
one of two mission proposals to receive additional 
funding from NASA. The other is Dragonfly, which 
has the lofty aims of visiting and landing on Titan, 
Saturn's largest moon. CAESAR and Dragonfly will 
now go heacl-to-head in a fierce battle, but only 
one of them will reach its goal of becoming a fully 
fledged spacecraft, winning the coveted spot as 
NASA's fourth New Frontiers mission. In spring 
4019, NASA will select one mission to continue with 
development phases, but whether it is CAESAR 
or Dragonfly that recetves the $850 million, the 
spacecraft must be delivered for a launch by 2025. 

Dr Steve Squyres, principal investigator of the 
CAESAR mission proposal says: “All the decisions 
weve Made are aimed at maximising the scientific 
value of the sample within the budget, schedule, 
and risk constraints of the New Frontiers program." 

You will have heard of the previous New 
Frontiers missions; the famous New Horizons, 
which visited Plute in 2015, and June, which visited 
Jupiter in 2016. In September 2016, OSIRIS-REx 
became the third New Frontiers mission to launch. 
It is now making its way towards asteroid Bennu 
to collect a sample of its surface later this year and 
return a sample to Earth in 2023. 

Interestingly, CAESAR and Dragonfly both 
intend to visit Solar System objects that have 
been investigated before. Dragonfly will follow 
in the footsteps of the Cassini-Huygens mission 
that studied Titan's atmosphere and deployed the 
Huygens probe to its surface. CAESAR's 67P target 
has been studied in immense detail in recent years 
by Rosetta. However, in neither case does this make 
their target any less important. 

To truly understand the space objects such as 
planets, comets and asteroids that share our little 
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comer of the galaxy, we must study them up 

close and personal. While telescope studies are 
often a first, and extremely useful, step in space 
exploration, scientists tend to learn the most about 
a far-away world when it 1s visited by a spacecraft. 
Being able to clearly see its surface, how it behaves 
aver a penod of time and potentially even analyse 
its rocks and atmosphere is vital. 

Comets are éspecially valuable in this endeavour. 
Dr Bonnie Buratti, planetary astronomer at NASA's 
JPL and ESA Rosetta project scientist explains: 
“Comets are debris left over from the early stages 
of the formation of the Solar System - fragments 
of dust and gas that never formed into planets. 
Studying this primitive material will enable us to 
peer back in time to the very earliest phases of the 
planets’ formation.” 

Because of this, comets hold a wealth of 
information about the ingredients required to make 
a Solar System, and the conditions that existed 
in the earliest days of its formation around 4.6 
billion years ago. Some of these ingredients are the 
incredibly important organic building blocks of life. 
If we want to understand how life armved on Earth 
and managéd to get such a foothold on our precious 
planet, then we must study comets. 

It might seem strange that CAESAR’s target is 
not anew comet that has not been studied before. 
After all, there are many millions, possibly billions, 
of other comets in the Solar System that could be 
called on instead of going back to 67P. There are, 


Comet 67P 


A large boulder (max, 45m) on 67P/ 
Churyumov-Gerasimenko as seen 
from a distance of 28.5km (17.7 miles) 


however, Many major advantages in revisiting a 
space object: scientists can build on the 

wealth of information already gained from the 
previous Mission. 

Wright explains: “It makes so much good 
sense to target 67P. It's a known object. While 
another comet might have a different story to 
tell, and therefore extend our knowledge further, 
it might also come with a whole lot of unknown 
technical challenges.” 

Unfortunately, mostly because of funding 
constraints, any one mission cannot study its 
chosen space object in the detail required to fully 
understand its environment, how it formed and how 
it behaves. A follow-up mission has a head start, as 
many of the main features are known before the 
spacecraft even leaves the launchpad. Buratti adds 
that “NASA has a leg up on the mission, as we're 


“Studying this material will enable us 
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CAESAR at the ready! - 

CAESAR will deploy.a robotic armtocollect — - 
samples of the comet's surface. SU Re 
che Teele TES for return to Earth. 





~ Sample return capsule 

- CAESAR will store its precious collected comet 
samples.in a thermally stabilised sealed- | 
capsule based on the design used a Uy 
fol ile, mission. - 
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Comet 67P 


Artist's impression of the 
Stardust spacecraft chasing 
comet Wild-2 to capture asample 


already pretty familiar with 
this comet." 
Before Rosetta approached 67P, 
very little was known about it. In fact, 
the mission team had to build a spacecraft 
capable of landing on a comet which they did not 
even know the shape of, or how hard or soft its 
surface was. Squyres went on to say: “Being able to 
design CAESAR for a comet whose properties are 
well known in advance provides enormous nsk 
reduction. We can tailor all aspects of CAESAR to 
a comet we know, dramatically reducing mission 
nsk and allowing us to collect and return the best 
sample possible.’ 
67P's proximity to Earth also makes it a superb 
target for future comet missions. It is a short- 
penod comet, making its journey around the Sun 
once every 6.45 years, meaning there are frequent 
opportunities to chase it down in the relatively near- 
Earth environment This not only makes mission 
timelines shorter, but considerably cheaper too. The 
vast majority of comets are simply too far away to 


“We can tailor all 
aspects of CAESAR 
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know, dramatically 
reducing mission 
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be visited and returned from in human lifetimes. 
Added to this is the issue of keeping in touch with 
spacecraft in deep space; communicating with 
instruments at such distances is no simple matter, 
not to mention the decrease in solar energy as the 
spacecraft gets farther from the Sun. 

The Rosetta mission achieved a great deal, 
uncovering details on the structure, composition 
and behaviour of comets. Nonetheless, returning 
a sample of 67P to Earth would greatly accelerate 
our understanding of it, and other comets, as the 
matenal can be studied in unprecedented detail. 
Wright says: “As a scientist who has spent a 
large part of his career studying extraterrestrial 
materials in the laboratory, the chance to get 
samples of 67P back to Earth would be a dream 
come true.’ 

The alternative to returning samples is to 
make the measurements in space, as Rosetta did. 
However, one of the downsides to this is that the 
measurements are made in unfavourable conditions. 
Let's just consider the fact that Rosetta's Philae 
lander, with its sophisticated suite of instruments, 
made its analyses either when bouncing across the 
comet's surface, or when sitting precariously on its 
side. All the while, 67P was hurtling towards the 
sun, getting hotter and more active as it went, with 
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Comet 67P 


The OSIRIS-REx spacecraft 
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“Having samples of a comet available for 
bigger, more capable instruments on 
Earth is of great benefit to science” matt Taylor 


boulder-sized rocky material moving around and 
off its surface. It is a miracle it managed to achieve 
so much! 

Additionally, spacecraft have to deal with a low- 
gravity environment and extremes of temperature, 
factors which do not help to create ideal laboratory 
conditions. Returning those same samples to Earth 
and analysing them in our advanced, climate- 
controlled laboratories offers huge advantages for 
measurement precision and accuracy. 

Dr Matt Taylor, ESA's Rosetta project scientist 
says: Having samples of a comet available for 
bigger, more capable instruments on Earth is of 
great benefit to science. CAESAR will certainly 
benefit from the detailed information Rosetta 
has with respect to the comet morphology, and it 
will be very interesting to compare the 
CARSAR and Rosetta data." 

The advantage of having 
physical samples on Earth are 
that they can be carefully 
studied before analyses * 
begin, but they can also be 
reanalysed. After all, there 
are still kilograms of Apollo 
samples available decades 
after they were collected, 


which will be accessible to many future generations 
of scientists. 

Returning a sample from any object in space is 
a complex operation. In fact, sample return can be 
thought of as two missions in one; the spacecraft 
not only has to get there, but also back again. In the 
early days of planning the Rosetta mission it was 
hoped it would be a sample return mission, but as 
time went on - and costs and complexity escalated 
- the grand plans had to be reigned in. In the end, 
Rosetta successfully made critical measurements on 
the comet surface instead, so all was not lost. 

If CAESAR is successful in winning the final 
round of funding to get to the launchpad then its 
journey will only have just begun. The spacecraft, 
supplied by Orbital ATK and powered by solar- 

electric thrusters, will take just four 
years to make its transit to 67P. 
CAESAR will approach the 
comet around 2029, before 
descending to its surface where 
it will utilise touch-and-go 
sampling, conceptually similar 


Still image from 
animation of 
Philae's intended 
touchdown 

on comet 67P/ 
Churyumov- 
Gerasimenko on 12 
November 2014 


to that planned for OSIRIS-REx. Using compressed 
nitrogen gas jets, precious matenal from the surface 
of the comet will be driven into the sample capsule. 
squyres explains: “CAESAR will collect at 
least 80 grams of comet surface material. That 
number is a minimum, tests of our Sample 
Acquisition System have routinely yielded 200-400 
crams of material. Importantly, we will preserve 
and return to Earth both the solid sample and any 
gases that evolve from it after it has been stowed, 
enabling us to investigate both non-volatile and 
volatile cometary materials.” 

The sample will be stored in a sealed, thermally 
stabilised capsule provided by The Japan Aerospace 
Agency (JAXA), which is closely based on the 
design used by their Hayabusa spacecraft to return 
a sample of asteroid 25143 Itokawa to Earth in 2010. 

Taylor went on to say “The potential for volatile 
sample return is interesting, but it's a massive 
challenge to ensure the samples aren't ‘modified 
in any way during their return to Earth.’ It is 
imperative that the precious pieces of comet 
are kept pristine. After all, the scientists want to 
investigate the samples for organic compounds 
related to life and certainly do not want to risk 
compromising their measurements with ‘Earthly’ 
bugs. When discussing the retumed samples, 
Buratti commented: “Of particular interest are 
molecules that can form only in very cold places, 
such as molecular oxygen and nitrogen, and organic 
molecules that are the building blocks of life.” 

The treasured sample return capsule would be 
expected to arrive back in Utah in 2038 after a 
parachute-assisted landing, kicking off the major 
phase of scientific investigations. Once the samples 
are safely stowed in a laboratory, the careful 
work must begin to study and analyse them in 
painstaking detail, something which will be an 
intemational effort. In the meantime, the CAESAR 
team can only hope that all their hard work pays 
off so that they can begin their journey to 67P and 
then back again. 
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There are four forces which, between them, are responsible for every interaction in the cosmos 
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Our magnetic universe 
From tiny planets to colossal black holes, a variety of 
objects across the universe produce magnetic fields 
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produced during the epoch of ek aa este A (el elgg | 
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expanded exponentially. q Ra a 





The early galaxies 
We know that 5-billion-years 





ago, galaxies already had Buteleee lea tetel ely | 
magnetic fields as strong as Abe tem eee MR ee pele | 
that of our own galaxy. medium is partly maintained 

thanks to the magnetic fields 

permeating through it. 
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squared, making it at least 


than today's best radio telescopes. This should 
give astronomers completely new insight into the 
intensity of magnetic fields across the universe. 
Asp art of its observations, : 5 SKA V will spend a 
year looking at the Faraday rotation of millions of 
gala “ies beyond our own. Studying the Faraday 





ation - interaction between light and a magnetic 
field - of the electromag genetic waves can reveal 
information about th © Mag netic field over the 
plane of the line of sight. This will increase the 
amount of data by five orders of magnitude over 
ees the unique ser ensitivity and resolution 
of the Square | Kilometre Array, the window to the 
fae universe can finally be fully ope sned” 
the project website sa ays. Construction of SIA is 


bo L 
expected to begin in 201} 
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to be collected in = 120. F iopefully the experiment, 
will be able to give us the the insight 1 needed to make 


the nght measurements to firfally understand the, . 
origin of this forge a vital force, and its place_ 
in the universe. . _.* a 
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that it can release in orbit to demonstrate 
Astroscale’s debris ca aig techniques. 
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miles) per second, getting fatetcad tt nists ado 
orbit, and when two objects collide from different 
orbits their combined speeds create a catastrophic - 


‘impact. As big as space is, accidental collisions 


have happened. In 2009, the active American 
communications satellite, Iridium 33, crashed into 
the defunct Cosmos 2251 Russian military satellite, 
and the ISS has often had to move to avoid passing | 
junk. Even the tiniest pieces can cause problems, 
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_ Earth orbit 
Vitery meee Meet ce A ene Earth orbit 
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__ Disposal orbit 
Steam tal ans a eh ll meee] anys 
ERC eam ie B] le 
take much more propellant, 
Astroscale will look to place 
satellites in a low orbit where 
atmospheric drag will bring 
them quickly down to Earth. 











Interstellar visitor 
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When astronomer Robert Weryk first spotted an unusual 
object hurtling past Earth, he never imagined it had come 
from outside our Solar System | 


Written by David Crookes 
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Getting close 
to Eart 
The object was at its 
closest point to Earth on 
14 October, passing at a 
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discovered 
Astronomers used 
the Pan-STARRS!1 
telescope in Hawaii to 
discover ‘Oumuamua 
on 19 October 2017. 
‘Oumuamua is now on 
an outbound trajectory, 
heading away from 
the Sun, and never to 


ees IS 


distance of 23.9 million 
kilometers (14.9 million 
miles) - around 60 times 
the distance between 
Earth and the Moon. 
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Sweeping past the Sun 
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Arrival from the north 


It is understood that ‘OQumuamua 
arrived outside the orbit of Mars from 
the north at an angle of about 33 
degrees, possibly from a direction close 
to that of Vega in Lyra. It was travelling 
in the opposite direction, or retrograde, 
to the general motion of the planets. 








™) Travel within 
the inner 

Solar System 

‘OQumuamua continued 

its hyperbolic 

trajectory through 

the Solar System 

(this diagram plots 

its position every 

seven days). It passed 

through the inner Solar 

System in September 

and October 201/. 


Having sped to about 87.4 kilometres per 
second (196,000mph). ‘OQumuamua reached 
| perihelion - that is, the point closest to the Sun - on 





return again. 





n the hours following 19 October 2017 Robert 

Weryk was sorting through the images 

captured by Pan-STARRS], a L8-metre diameter 

telescope perched at the summit of the massive 
shield volcano, Haleakala, on the Hawaiian island 
of Maui. Looking for evidence of near-Earth objects, 
he spotted a fast-moving body working its way 
across the night sky, halfway between the orbits of 
our planet and Mars. “Tt didn't have the motion that 
youd typically expect from an asteroid or comet,” 
he says. And this sparked his curiosity. 

“Tl contacted a colleague who works at the 
European Space Agency and he had previously 
observed it,” the astronomer, who works at the 
University of Hawati at Manoa, continued. Soon, 
other astronomers across the world were also 
looking skywards, using instruments such as the 
Canada-France-Hawali Telescope to help figure its 
trajectory. More poured over data from the Very 


the 9 September 2017, getting within 37.6 million 
kilometres (23.4 million miles). 


Large, Gemini South and Keck II telescopes to 
observe the bizarre objects composition, brightness, 
shape and colour. 

It was quickly discovered that the object had 
come within 38 million kilometres of the Sun 40 
days earlier, turning due to the force of our star's 
eravity before shooting past the Earth. “It tumed 
out it had come from outside the Solar System,” 

Dr Weryk affirms, as astronomers rushed to use 
the most sensitive of instruments to gather as 
much data as possible knowing they had little time 
to waste. And that, as you might expect, was a 
startling revelation. 

“For decades, we've theorised that such 
interstellar objects are out there, and now - for the 
first time - we have direct evidence they exist,” said 
Thomas Zurbuchen, associate administrator for 
NASA’ Science Mission Directorate in Washington. 
“This history-making discovery is opening a new 


“This history-making discovery is opening 
a new window to study formation of solar 
systems beyond OUI OWN" Thomas Zurbuchen 
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window to study formation of solar systems beyond 
our own.” 

Data from these observations has given 
astronomers an intriguing glimpse of how the 
particular, intriguing object looks and what it is 
potentially made up of. Images from the FOcal 
Reducer and low dispersion Spectrograph (FORS) 
instrument on the Very Large Telescope, combined 
with those of other large telescopes, for instance, 
picked up on an unusually large vanation in 
bnghtness - a brightening and darkening light curve 
that vanes by a factor of ten as it spins on its axis 
every “3 hours, says Karen Meech, of the Institute 
for Astronomy in Hawaii with researchers believing 
these types of visitors pass through once a year, 
they tend to be too small and too faint to see. 

This is unlike any other known comet or asteroid 
in our Solar System, and it points to the object 
having a highly elongated shape. Indeed, it has been 
shown to be a rocky, cigar-shaped object up to 
400 metres (1,312 feet) long. But this object appears 
to be as much as ten-times as long as it is wide, 
something NASA points out is an aspect raho 
“greater than that of any asteroid or comet observed 
in our Solar System to date." 





Unsurprisingly, this has also had an effect on 
how the object is classified. With no evidence of a 
coma - the cloud of gas that typically surrounds a 
comet's core - the initial assumption that it was a 


Interstellar visitor 


‘Oumuamua captured by the William Herschel 
Telescope in the Canary Islands on 28 October 


2017 - it's the light source in the centre 


ae 


comet (labelled C/201/ UT) was soon dismissed. It 
was then reclassified as an asteroid (A/201/ UL), and 
with a reddish hue and an unsteady brightness it 
was typical of such bodies. 

But with the knowledge that the object's 
hyperbolic path was going to take it out of the 
solar System, and given Dr Weryk and a fellow 
Institute for Astronomy researcher Marco Michel's 
observation that it was going so fast it had avoided 
being captured by the Sun's gravitational pull, a 
rethink was needed. The interloper was deemed 
to be an interstellar asteroid instead and, on 14 
November 201/ the International Astronomical 
Union approved a new designation of I. This strange 
object became known as 1/2017 UL. 

It was also nicknamed ‘Oumuamua, which 
means “a messenger from afar arriving first" in 
Hawaiian. Yet more important for researchers 
was what II /201/ Ul was made of, and where 
exactly it had come from in the universe. This 
has formed the focus of much scientific attention 
over the past few months, with studies only really 
constrained by the fact it is now far too faint to be 
directly observed. 

One of the possibilities - however far out it may 
seem - is that it is some kind of alien spacecraft. 
‘Qumuamua's unusual shape, and the fact that 
it was seen to travel as fast as 315431 kilometres 
(196.000 miles) per hour (evidence that suggested 
it is not gravitationally bound to the Sun and 
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“This is unlike any other known comet or 
asteroid in our Solar System, and it points 
to the object having an elongated Snape 


is, therefore, a visitor) prompted Breakthrough 
Listen - a global program searching for evidence of 
civilisations beyond Earth - to use a radio telescope 
at Green Bank, West Virginia to observe the object. 
Scientists used the dish to listen across four 
racio frequency bands in the hope of detecting 
non-natural electromagnetic signals. They were 
working on the assumption that long-distance space 
transportation would take the form of a cigar shape 
to minimise friction and damage from interstellar 
gas and dust (similar to Sir Arthur C. Clarke's 
fictional Rama from Rendezvous with Rama). In the 
event no signals were detected, so an alien ship has 
been ruled out for now, although monitoring and 
analysis 1s continuing. 
That has left scientists to get on with igunng 
out how nature formed ‘Oumuamua and why it 
seems to be an asteroid rather than a comet. This is 
particularly important because many astronomers 
believed an object spotted from outside the Solar 
System would be a comet, so the idea that it isn't is 
; : : — a little baffling. 
_ Stephen Hawking led an eS gg Lo | For that reason, Professor Alan Fitzsimmons 
om eee MOE tener tia Lire eee lee lon 


ane re we from Queen's University Belfast, Northern Ireland 


explored such an idea. He led a paper in the journal 


Nature Astranomy that suggested an internal icy 
composition cannot be ruled out for ‘Oumuam nie 

since it could be covered by “an insulating mantle 

produced by long-term cosmic ray exposure" 

It explores the idea that ‘Oumuamua's 
interactions with the interstellar medium have 
created the form it displays today. In doing sq, it 
would explain why there was no gas streaming off 
the surface of ‘OQumuamua, nor any dust particles or 
a tail, even as it travelled relatively close to our Sun. 

Just as importantly, it would go some way to 
explain why Fitzsimmons found ‘Oumuamua 
doesnt look like a typical asteroid, and instead 
seems to resemble icy objects found in the outer 
Solar System. A crust of just 50 centimetres would 
be enough to protect ice at the object's core from 
the Sun's heat, the researchers discovered. 

Such a deep outer crust could have formed over 
millions of years, giving 1/2017 U1 a dark-red 
colour. If true it points to ‘Oumuamua having 
begun life as an icy object in its own system before 
embarking on its long journey towards our place 
in the universe. It also shows the fast-moving 
nature of research into ‘Cumuamua, since Meech 
found it to be completely inert. As a NASA 
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While research time was limited, what 
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way out of our Solar System 
when it was discovered, it 
s00n became too faint to see. 


for Astronomy, University of Hawaii 
Light-curve observations showed ‘Oumuamua to 
have wild swings in brightness by a factor of 10, 
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ge) Mee ht ld eee tee dm 
its axis every 7.34 hours. 
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It's (probably) not a comet 

Scientific collaboration 

Even though ‘OQumuamua did not have a coma ora 
tail, it was still initially deemed to be a comet. That 
was dispelled when astronomers saw no signs of 
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statement suggests, it was seen to be dense, 
composed of rock and possibly metals with no 
walter or ice. 

One thing that is entirely agreed on, however, is 
that ‘Qumuamua is spinning chaotically. Dr Wesley 
Fraser from Queen's University Belfast says his 
team came to such a conclusion by studying 
variations in ‘Oumuamuas brightness over time. 
“At some point or another, it's been in a collision,’ 
he concludes, although when that was 1s still to 
be determined. 

All he can say is that it may have happened in 
its own stellar system and that the tumbling will 
continue for at least a billion years. “The tumbling 
actually causes stresses and strains internal to the 
object, and that slowly but surely squeezes and 
pulls on the object - just like tides on the Earth - to 
remove energy from the spin," he says. If only, he 
muses, there had been more time to get a high- 
resolution image that could show an impact crater. 
As it was, astronomers had just two weeks before 
it disappeared from the view of optical telescopes, 
so it really was a case of collecting as much data as 
possible before our visitor was out of sight. 

Chances are, however, that astronomers may 
get more chances to pick up on similar objects, 
especially when the Large Synoptic Survey 
Telescope, with a 84-metre primary mirror, 1s 
builtin Chile. A new study being considered for 
publication in The Astrophysical Journal suggests 
our Solar System contains many thousands of 
Visiting interstellar asteroids, all waiting to be picked 

















up. The paper's researchers, Manasvi Lingam and 
Abraham Loeb, call our Solar System a “fishing 
net" and say interstellar comets “can be potentially 
distinguished by their differing ratios of oxvgen 
isotopes through high-resolution spectroscopy of 
water vapour in their tails.” 

How ‘Oumuamua came to be formed continues 
to be a source of intrigue. Meech says ‘Oumuamua 
could have been created by a supemova explosion, 
or it may have been formed by two objects colliding 
and merging. How it was expelled from its own 
system 1s also being researched. It inthally seems 
to have appeared from the direction of Vega, the 
bnghtest star in Lyra and, if so, it would have taken 
more than 300,000 years to reach us, but thisisa 
source of debate. It is also possible that parts of our 
own Solar Svstem aré in interstellar space. 

For now, though, ‘OCumuamua is on its way out. 
Having zipped past the Sun and Mars in November 
AQT? it's set to pass the orbit of Jupiter in May 2018, 
and reaching Neptune in 2022. There is no chance 
of sending a probe to meet it because it's going so 
fast that it will be past the Kuiper Belt's outer edge 
in seven years time. But its visit has been welcomed 
and proved very exciting, with astronomers hoping 
it's the first discovery of many more in the future. 


The possibility that ‘OQumuamua was an 
alien spacecraft was seriously raised due to 
the interstellar asteroid'’s unusual nature 


‘It's going so fast that it will be past 


the Kuiper Belt’s outer edge in seven 
years time’ 
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mysterious phenomenon astronomy fans in Ophiuchus within 3°47" of each other reach its brightest, glowing 


in Ophiuchus at a magnitude of 12.4 in Leo 


The Moon and Saturn Venus is at dichotomy, 
make a close approach, appearing as a half phase 
passing within 2°13' of in the evening sky at 
each other in Sagittarius magnitude -0.5 
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Mars and open cluster March equinox 
NGC 6530 pass within 

0°49" of each other 

in Sagittarius 


CRAB NEBULA 














Jargon buster 


Conjunction 


A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. 
A planet is in conjunction with the Sun when it and 
Earth are aligned on opposite sides of the Sun. 


Right Ascension (RA) 

Right Ascension is to the sky what longitucle is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 


Conjunction between the 
Moon and Jupiter in Libra 


Mercury reaches 
greatest elongation 
east and is well placecl 
for observation 


Dwarf planet Makemake is 
well placed for observation, 


shining at magnitucle 17 in 
Coma Berenices 
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The Moon and Jupiter 
make a close approach, 
passing within 3°S/" of 
each other in Libra 
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Conjunction between 
the Moon and Saturn in 
Sagittarius 


Conjunction 
between Venus and 
Mercury in Pisces 
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Declination (Dec) 
This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 


It's measured in degrees, arcminutes and arcseconds. 


There are 60 arcseconds in an arcminute and there 
are 60 arcminutes in a degree. 


Magnitude 

An object’s magnitude tells you how bright it 
appears from Earth. In astronomy, magnitudes are 
represented on a numbered scale. The lower the 
number, the brighter the object. So, a magnitude of 
-lis brighter than an object with a magnitude of +2. 


Open star cluster NGC 
3532 is well placed for 
observation, glowing at 
magnitude 3.0 


Conjunction between 
the Moon and Mercury in 
Cetus and Pisces 


<®> Naked eye 


“®) Binoculars 


+ 


i Small telescope 
iN 


“} Medium telescope 


aN Large telescope 


Opposition 

When a celestial body is in line with the Earth and 
Sun. During opposition, an object is visible for the 
whole night, rising at sunset and setting at sunrise. At 
this point in its orbit, the celestial object is closest to 
Earth, making it appear bigger and brighter. 


Greatest elongation 

When the inner planets, Mercury and Venus, are at 
their maximum clistance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 
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Moon calendar ~@ 


* The Moon does not pass meridian on 1 March 
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MOR NING SKY OPPOSITION 


























ry | ! mS Oo) 6a . — Piahnel DOSITIONS anriseand set times are given in GMT 

Date RA Dec Constellation Mag Rise Set 

OlMar 23h24m39s -04°44'22" Aquarius 13 O7:08 18:27 
O8Mar OOhO8m57s +01°28'12" _— Pisces 10 06:53 19:15 

15Mar OOh42m22s +06°43'48" Pisces -O4 06:32 19:48 
22Mar OOh56mils +09°27'55" _— Pisces 11 06:04 19:48 
29Mar OOh48mi7s +08°47°54" Pisces 42 06:32 20:10 
OlMar 23h33m52s -04°18'46" = Aquarius 3.9 07:15 18:39 
O8Mar OOhOSm42s -00°44'1I" Pisces 3.9 07:01 = 19:01 
1SMar OOh37m23s  +02°51'52" _— Pisces 3.9 O6:47 19:23 
22Mar O1hO9m10s +06°25'14" Pisces 3.9 06:33 19:45 
29Mar Oth4im15s +09°5137" _— Pisces 3.9 O719 21:08 
OlMar  17h16m36s -22°46'42" — Ophiuchus O08 02:43 10:38 
OSMar 17h34m 27s -23°08'27"  Ophiuchus O07 02:36 10:25 
1SMar 17h52m09s -23°23'20" Sagittarius 06 02:28 10:14 
22Mar 18hO9m38s -23°3140" _ Sagittarius 05 0219 ~~ # 10:03 
29Mar 18h26m47s -23°33'52" ‘Sagittarius 0.3 03:09 10:52 
OlMar 15h23m07s 17°20'35" _—_Libra 22 00:16 09:19 
O8Mar 15h23m33s 17°21 04" Libra 2.2 23:45 08:52 
1SMar 15h23m22s 17°19 17" Libra 2.3 23:17 08:24 
22Mar 15h22m33s 17°15" 15" Libra 2.3 22:48 07:56 
29Mar i5h2imO8s 17°09'04" Libra 24 00:19 09:23 
OlMar 18h30m35s -22°22'24" — Sagittarius O06 03:54 11:54 
O8Mar 18h32m39s -22°20'47" Sagittarius 06 03:29 11:29 
SMar 18h34m26s -22° 19' 16" Sagittarius 05 03:03 11:03 
22Mar 18h35m54s -22°1756" — Sagittarius 05 02:37 10:37 
29Mar 18h37m03s -22°16'50" Sagittarius 05 O310 Til 








This month's planets 


Venus is the ‘star of the evening’ this month, while Mars and Jupiter take 


the moming watch - a treat for early risers 


@Uranus 


od ks eh otc} 


Constellation: Aquarius - 
eA cen) 
Magnitude: -3.9 
AM/PM: PM 


Even though Venus will spend the month quite low 
in the west after sunset, this is still a great month for 
looking at the “Evening Star" because it is going to 
have close encounters in the sky with several 
other worlds, all of which will make great 
photographic subjects. 

At the start of the month Venus will be low in 
the west after sunset, and as the sky darkens should 
come into view to the naked eye very easily. You'll 
also notice another “star” close to it, on its right. This 
is the planet Mercury, and on the evening of the 
4rd the two planets will be just a degree apart. They 
should look very striking together through binoculars 
ora small telescope, and photos taken through a 
zoom lens will show the two planets shining close 
together like a beautiful double star. In fact, they 
might even look like a double star to the naked eye 
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W 
18:00 GMT on 03 March 


for those with good eyesight, a very clear sky and no 
obstructions to the west 

After their close encounter the two planets will 
begin to drift apart, but Venus will be moving further 
away from the 5un now, shining a little higher 
each evening, heading towards its next celestial 
rendezvous, this ime with the Moon. 

On the evening of 18 March a lovely sliver of a 
crescent Moon will be just over four degrees away 
from Venus. You will need to scan the sky to the 
lower left of Venus with binoculars to spot the one- 
day-old Moon, as it will be so thin. The following 
evening the Moon will have moved on and will be 
shining ten-and-a-half-degrees away from Venus, to 
its upper left, but it will be easier to see as its crescent 
will have grown in size. At this time the dark part of 
the Moon's face should be starting to glow softly with 
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the subtle lavender-hued light of “Earthshine’, and 
the view west should be very striking indeed. 
Having met Mercury and the Moon in the sky, 
Venus will then head towards its third and final 
meeting, this time with the distant planet Uranus. 
On the evening of 28 March Venus will be just 
16 arc minutes away from Uranus. At magnitude 5,9 
Uranus is technically a naked-eye object, and if you 
have super-sharp eyesight you might spot it without 
any help on this evening, but more likely you'll need 
to use binoculars. With Venus in the centre of your 
binoculars’ field of view, Uranus will look like a tiny 
green-white star almost directly above it. They will 
look close together visually, but of course it will just 
be a line-of-sight effect: in fact they will be almost 
L8 bilhon miles apart, which is 19-times the distance 
between the Sun and the Earth. 


Uranus 
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Constellation: Pisces 
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nght away, looking like a “star” close 
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Constellation: Ophiuchus moving 
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in the south east before sunrise. This 


Magnitude: -1.3 to Venus. They will be at their closest into Sagittarius month Mars will be between Saturn 
AM/PM: PM during the first few days of the month, Magnitude: 0.8 to its lower left and Jupiter to its upper 
Mercury is easy to observe thismonth. and on the evening of 3 March will be AM/PM: AM night, with Saturn making an approach. 


start looking for it 4O minutes or so 
after sunset and you might find it 


shining side by side, just over a degree 
- or two Moon widths - apart. 


Mars is easily visible to the naked eve 
this month, shining like an orange star 


The waning crescent Moon will pass 
above Mars between the 9th and 10th. 


Constellation: Libra 

Magnitude: -2.2 

AM/PM: AM 

Jupiter will be dominating the morming 
sky this month. Shining at magnitude -2.2 
will make it immediately obvious to the 
naked eye as the bnghtest starlike object 
in the sky before the Sun comes up, and 
much bnghter than any other planet in the 
sky, except Venus. Jupiter will be on the 
far-western end of a line of three planets, 
with Mars to its lower left and Saturn on 
the other end of the line to the lower left 
of Mars. By the end of the month it will 
actually be nsing before midnight, so it 
will be visible all through the night. Look 
out for the waning gibbous Moon hanging 
above Jupiter on the moming of the ‘7th. 
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Constellation: Pisces 

Magnitude: 5.9 

AM/PM: PM 

This month Uranus is high in the west 
as night falls, and sets around 1Opm. 
The planet Venus will be a great help 


Constellation: Sagittarius 
Magnitude: 0.6 

AM/PM: AM 

saturn will be visible in the morning 
sky all month, looking like a yellow- 
hued star. As March passes Saturn 


and Mars will appear to draw closer 
together until they are just under two 
degrees apart on the moming of the 
31st, when they will look very stniking 
together, almost like a “double star” in 
the sky, low in the south east 


on the evening of 28 March, when it 
will lie around half a Moon's width 
beneath the planet after dark. So look 
for a greenish star directly above 
Venus through binoculars on that 
night and youll have found Uranus. 
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Look for Menelaus 
when it is close to 
the terminator. That's 
when the crater and 
Lee PPACOUP STON DIEM Tl, 
look their best. 


eect 


Menelauis crater" 


How to find the impact at the end of 
one of the longest rays on the Moon 


Many well-known craters on the Moon 
are famous for being at the centre of 
complicated systems of rays. When 
they were formed, Copemicus, Tycho 
and Aristarchus all splashed bnght 
rays of debnis for huge distances 
across the lunar surface. Elsewhere 
on the Moon smaller, lesser-known 
craters have systems of rays too, and 
one of them, Menelaus, is the source 
of possibly one of the longest and 
bnghtest rays on the Moon. 

Menelaus is a small crater, just 27 
kilometres (17 miles) across and barely 
3 kilometres (L9 miles) deep, but when 
the Moon's phase is just night it is 
easily visible in binoculars and small 
telescopes. Slightly oval in shape, it 
lies on the edge of the low Haemus 
Mountains, a curving mountain range 
that can be found on the southem 
shore of the Sea of Serenity. 

Through binoculars the crater is 
quite unremarkable little more than 
a sharp-edged pit blasted out of the 
ground, looking like the hole a nuclear 
warhead would leave behind in a 
cheesy science-fiction film. But no 
Warhead created Menelaus: the crater 
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was blasted out of the Moon by a 
chunk of solar system debris. The 
object came in at a shallow angle, 
resulting in the crater's oval shape. The 
impact scattered debris all around the 
crater, and created smaller secondary 
craters too. 

Menelaus also seems to be the 
source of a single, bight and very 
long ray that stretches away from 
it and crosses the whole of the Sea 
of Serenity, but even though the 
crater and the ray line up perfectly 
there is still a lot of debate about the 
relationship between the two. 

Known by some observers as ‘The 
Bessell Ray’, because it appears to be 
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supenmposed over the small crater 
Bessell which lies to the north east of 
Menelaus, this ray is a stniking sight 
at full Moon and easily visible in 
binoculars. The mystery of the ray's 
ongins probably wont be solved until 
robot probes or human explorers 
land on the Moon and can directly 
compare the ray’s maternal to the 
matenal inside Menelaus. 

Through a small telescope Menelaus 
itself shows some interesting detail. Its 
inner walls are subtly terraced, with 
multiple small, narrow ledges, and its 
floor is very hummocky, with many 
mounds and hills there to observe. 

If the Moon is in the night phase a 
telescope will also allow you to see 

a network of fascinating cracks and 
troughs in the flat, grey plain of the 
sea of Serenity just to the north east of 
Menelaus, known as ‘Rimae Menelaus’ 
(Timae Means gaps, or fissures). At 
low magnification they look like 
scratches on the Moon. Higher 
magnifications at the nght phase of 
the Moon show a complicated network 
of criss-crossing features, small pits 
and troughs. 
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50, when is the best time to see this 
controversial crater and its fascinating 
neighbours this month? 

At the start of the month the Moon 
will be full, so Menelaus will be fully 
ihiminated by the Sun and will look 
like a bight ‘spot’ on the southern 
end of Mare Serenitatis, at around the 
seven oclock position. By 7 March the 
crater will be looking like a pit again as 
the Sun sinks lower in the sky. On the 
eth the terminator - the line between 
day and night - will start to pass across 
the crater, and it will have vanished 
from view the following day. Menelaus 
will then be in total darkness for two 
long weeks before it reappears on the 
23rd as the terminator approaches it 
once more. The crater will be in full 
sunlight again by the 24th, and will 
remain visible until the Moon is full 
again at the end of the month. 

The very best time to see the crater 
will be between 4 and 6 March, and 
again between 24 and 26 March, 
because that's when sunlight will be 
striking it at a low angle and making 
it stand out most impressively against 
the lunar surface. 
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Capella (Alpha Aurigae) 
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Open cluster Messier 35 can be 

seen with the naked eye as a small 
smudge in the constellation of Gemini. 
Binoculars and telescopes resolve it 
into a beautiful cluster of more than a 
hundred glittering stars. It lies around 
we OLO RT 4g mew ee ee teat 


The Rleiades (M45). 
O) iT Re) min Bnet m ar 

fal Oem ae) 4 

ea lease cos] tem te) Uae by 
‘The Seven Sisters’ because 
those with good eyesight _ 
fees Beenie 
PEER TEM Me eye 
Binoculars reveal dozens 
more, shining close together. 


Sirius (Alpha Canis Major) ; ae Ree ey le 0 Rd ee 

| With a magnitude of -1.4 Siriusisby. i a OU elm ane needle) Ce 
mA Meg tact) Ml RCo) a : aes re seg | sky, the Orion Nebula can be found in the 
Easily found by following theline of hae ee | Wi is(el mem O teem) eee mara ecg 
Orion's Belt down to the left, it looks Bis Lf 43 eda mee els eRe a aes a) 
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A fleeting and therefore seldom-observed feature on the Moon's surface. 
Once you've seen it you'll understand why it has this name... 





You'll need: 

v Telescope 

v Moon map 

¥ Wristwatch 

Digital camera (optional) 


First discussed on the Internet in the 
early 2000s, although it may well 
have been noted by astronomers 
before then, the Lunar 'X" is a fleeting 
apparition on the Moon which occurs 
each month, but only for a few hours. 
Because of its transitory nature, it 
has not been seen by many people. 
However, it can be observed by 
anyone armed with even a small 


telescope or binoculars, if they are 
well supported, if you know where to 
look. It is caused by sunlight catching 
the tops of crater walls during a 
hinar dawn. It appears as a letter ‘X’ 
seemingly emblazoned on the lunar 
surface, just before the first quarter 
phase, and is caused by a chiaroscuro 
effect, in other words a transition 
between light and dark, once used to 
ereat effect by renaissance painters 
to give solidity to features such 

as people's faces. In this case it is 
sunlight catching the highest peaks 
of crater walls, while the craters 
themselves remain in deep shadow. 
The rims and ridges of the craters La 
Caille, Blanchinus and Purbach are 
the progenitors of the "X’ when they 
happen to lay on the terminator. 


"Because of its transitory 
nature, it has not been seen 
by many people" 
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Because the Moon, like the Earth, 
is moving about the Sun, the 
lighting conditions on its surface 
are changing constantly. We see 
the lit and unlit parts of the Moon 
as its ever changing phases, while 
the boundary between the two is 
known as the terminator. At the 
first quarter phase, when the Moon 
is one quarter of its journey around 
the Earth, taking the ‘New’ phase, 
when it is in line with the Sun, as 
the starting point, the lunar surface 
is apparently half lit. This can seem 
confusing at first, but it is just a 
matter of terminology. It is here on 
the terminator that the shadows 
appear longest, and so the features 
around this line really stand out 
when viewed through a telescope. It 
is also a time when the sunlight can 
catch mountain peaks while leaving 
the valleys in shadow and s0 it is 
that the lunar ‘X’ is visible for a few 
short hours. [If you want to see it for 
yourself, then youll need to look for it 
around the first quarter Moon. 





Moon map 

Have a good-quality Moon map to 
hand, as this will help you locate the 
position of the Lunar ’*’. 


Consider binoculars 

If you are using binoculars, use a tripod 
with a mounting bracket to hold them 
really steady. 


Work up to a telescope 

You can use practically any size of 
telescope, but will need a selection of 
eyepieces to vary the magnification, 
low power is better for first locating it. 


Increase the magnification 
Once you know where to look, 
increase the magnification to bring 
the Lunar °X’ into comfortable view. 


Know your timings 

Check the time that the Lunar "X’ 
should be visible on the Internet 
before viewing, and check when the 
first quarter phase is reached. 
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| View the lunar ‘X’/¥| 


Once you've seen the Lunar x why not snap a picture of it? 
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You only have about four hours around the time Manage to catch it the first time you try, youll have be 

of the first quarter phase to see the Lunar "X,, another opportunity in around 29.5 day's time. This Send yOUI photos to 7" 
otherwise this region looks like any other group of is when the Moon will once again be at its first See | / 
craters on the surface. If when imaging you don't quarter phase. Good hunting! space@spaceanswers.com - ; 





“| Moon map ~) Give yourself plenty of time ~~) Go for a lower-power eyepiece 

study your Moon map to see the position of / Set up your telescope in good time, before —, Use a low-power eyepiece to start with to help 
_L the craters which give rise to the Lunar ‘Xx’ near J the %' is due to appear. Tum on any —_/ locate the region of interest, you can increase 
crater ‘Wermer. telescope drives you may have to track the Moon. the power once you've found it. 
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/\ Increase your power [~~ Take some notes / Image the region for improved 


Pa Once you have spotted the 'X’ increase the - \) Make a note of the time you first saw the . , colour and contrast 
A magnification to help make it more obvicus —— feature and where on the lunar surface \_/ Try imaging the region to truly bring out its 
in the eyepiece. it appeared. subtle features, even if it's with your smartphone. 
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The constellations of early 
spring are prominently 

on show. Here are some 
fascinating deep-sky 
objects for your telescope... 


The night skies of early spring are best known for 
marvellous views of the star clusters and galaxies 
on offer. We can see galaxies especially well at 

this time of year due to the Earth facing away from 
the Milky Way galaxy and out towards the depths 
of space. The constellations of Leo, Coma Berenices 
and Virgo are nich hunting grounds for those who 
like to look out into the far reaches of the universe. 
There are several bnght and well-known galaxies 
on view, along with many fainter and harder to see 
objects to push your scope to the limit. 
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Messier 96 
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| Deep sky challenge, 
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The spiral galaxy NGC 2903 is considered to be 

‘active’ due to the high rate of star birth going 
on in its core. Observations using modest telescope 
apertures reveal a bright oval embedded in a haze. 


Black Eye Galaxy (Messier 64) | NGC 2903 


Messier 96 
Like M5, this galaxy has a spiral structure 


é and can be found in the ‘stomach’ of Leo. It's 
said that M96 is of a similar size to the Milky Way at 
100,000 light years across. 


Leo Triplet 

Consisting of M65, M66 and NGC 3628, this 

famous group of galaxies is a popular target for 
astrophotography. These three large spiral galaxies 
can be viewed in the same field of view. 


Messier 49 
| Under good conditions, a large pair of 


binoculars - of about 15 x 70 magnification - 
will reveal this elliptical galaxy's bright core. You'll 
need a large telescope in order to pick out its halo. 


Messier 87 (Virgo A) 
Messier 87, also dubbed the Smoking Gun, 


appears as a fuzzy ball of light, elliptical in 
shape with a bright centre. A jet emanates from the 
centre, which will require imaging equipment. 


Black Eye Galaxy (Messier 64) 
\Messier 64 has a dark dust lane near its 
nucleus which gives rise to its name. A six-inch 
telescope will reveal the galaxy as a smooth oval, its 
dark band more obvious at dark sky sites. 


MASA /ESA; ESO/0kg Maby; Ischulman 555 
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Capture this nave aldaices 


planetary conjunctions 


This March we can see several conjunctions - close 









approaches of objects to each other in the night sky... 


You'll need: 
’ DSLR camera 
Telescope 


v Image processing 
software 


March 2018 will see conjunctions of 
the Moon with planets, planets with 
other planets as well as planets with 
deep-sky objects. All of these will 
make a wonderful sight, and are great 
targets for astrophotography. Getting 
good pictures however, may require 
some image processing, along with 
knowing how to set up the shot in 
the first place. 

It can depend where you are on 
planet Earth for exactly what you 
see with regards to conjunctions 


of the Moon and planets. Some 
approaches can appear very close 
indeed. For example, the close 
approach of the planets Venus and 
Uranus on the evening of the 29th 
will mean that both objects will fit 
comfortably in the field of view of 
most low-power telescope evepieces. 
Other conjunctions will appear much 
wider but can still be framed in the 
lens of a camera. In order for your 
camera to register both the Moon 
and a much fainter planet, you may 
need to take two images at differing 
settings and combine these in an 
image processing package, such as 
Photoshop or GIMP to show both 
objects well. There will be some 
image processing necessary for 
conjunctions between a planets and 
a deep-sky object too. Although the 
difference in brightness would be less 


"Just a few simple routines will 
enhance your images" 
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in this case, most deep-sky objects 
are intrinsically faint and require 
processing to show them well. 

You may be able to use an ordinary 
camera lens for a wide-field shot, 
such as the conjunction of the 
Moon and Venus on the 18th, or a 
telephoto or zoom lens to frame the 
shot well. Some of the most dramatic 
pictures have a foreground, perhaps 
in silhouette, in the frame. This is 
of course, entirely up to your own 
personal taste. For other conjunctions, 
you will need a telescope and a 
means of attaching your camera to 
it to get the best images. Nearly all 
of these images will require some 
degree of processing to get them to 
look their best. You will not have to 
have great knowledge or expenence 
to get your photographs looking 
good. Just a few simple routines will 
enhance your images and give them 
the ‘wow’ factor. Follow the tips and 
steps here to produce images that 
you can be proud of and record some 
truly amazing astronomical events. 





Set up before the event 

Setting up your camera and other 
equipment in plenty of time before the 
event is a must to ensure a good shot. 


Try out framing 

Do your best to frame your shots. 
Foreground trees and bushes can really 
enhance a conjunction image. 


Go for manual settings 

It's always better to use manual rather 
than automatic settings on your 
camera; this will ensure that you can 
tweak modes to suit your environment 
or imaging conditions. 


Focus is essential 

Do your best to get a sharp a focus. 
as possible. Don't just rely on your 
camera markings. 


Avoid over-processing 

Less is usually more to get a good 
result, so be mindful of this when it 
comes to using your chosen software. 











Capture conjunctions, 


| 
| i 


There are several programs in which you can spruce up your conjunction shots... 





Photoshop and many other such packages have Moon or an underexposed planet, for example. By 

processes which can convert a dull image into removing the offending object from one image and | Send yOUI photos to 

something to be proud of You can also combine then combining the images together, you get the best | , 

two images together to remove an overexposed of both in one clear image. | space@spaceanswers.com 
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2 
“| Transfer your images to your chosen software ~) Layer your overexposed shots 

Import your images into some image processing software such as * Tf you have taken two images of a conjunction, one overexposed, paste the 
_L Photoshop or GIMP. J More exposed one over the other. 





al 


. Move onto blending Flatten your images 


—, Using the 'marquee’ tool, line it up with the Moon and delete the disc of /__|_ Add the two layers together using the ‘flatten layers’ command, this will 
_ the Moon from the layer revealing the less exposed version. _ combine both versions of your image. 
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Enhance your shot using levels ~ Unsharpen the mask 
~ \ Using the histogram, sometimes known as levels’, move the sliders to f Use the ‘unsharp mask’ from the ‘filters’ menu to bring out detail, but don't 
enhance the fainter parts of the image. —_ overdo it! 
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Were in the full swing of spring, where Orion fades to rom | 
the south west while Leo climbs from the east a en meee 
* * . 
Leo (the Lion) takes pnde of place in the night sky, cutting a regal figure as oe ee See sl 
its leading star - hot, blue Regulus - shines at magnitude 136, making it an a i ¥ . : 
unmissable sight. Galaxies are also in abundance here - from the spiral arms | & 
of Messier 95 to the featureless, yet prominent form of Messier 105 - as well : RY s Ps 
as a selection of binary stars, including Rho Leonis. a s * * 
Leo is bordered by Cancer, Coma Berenices, Crater, Hydra, Leo Miner, 4 sd - 
Lynx, Sextans, Ursa Major and Virgo, the latter of which also offers a . : 5 : 
selection of galaxies to be enjoyed. However, if your interests lie in tracking , 
down spring's nebulae and star clusters, head over to the Great Bear for the ; = RS . 
Owl Nebula or the Beehive Cluster, also known as Praesepe, in the Crab. s — : e i Ry . 
. @ i 7 
2 oy a S 
= fs ° ad = 
a : 
e ‘en Ss \ | 
This chart is for use at 10pm (GMT) fee] re 
mid-month and is set for 52° latitude. S ; 
| : | = = iy 
aa ta ; a 1 a = as * Ss 40) 
fei Hold the chart above your ; me . Ae Beads ee — = Si o 
head with the bottom of the aS, amen ra eas : Ey 
page in front of you. | ooh ieee ee at - ¢ i a aa 
Ba) Face south and notice ee ae oe a : ny aa 
that north on the chart a )|6hi 5 “ CON oer My 
is behind you. f 4 3 43 
The constellations on the chart aa — 2s 7 : S 9 iv o. 
should now match what you f ; % Py 
see in the sky. 4 = 
¥. . ; on 
WW ETerttatte te ! Yo a _} 
~ om . . Sara Mar 
ea en ; 
eee Pe) * zs 
a c 
* -0.5t00.0 ° 
ei %, et) 
* 0.0t00.5 ee 
SOARS ‘° 
. Oy, 4 . 
* 10to15 8 a —— : 
OPO Pe —— — f 
2.0 to 2.5 Vio 14 objec , nee! 
sell tod Open star clusters 
3.0 to 3.5 
elfelo) EE] ai rl ma@ eice lp 
eget BTanme emi =loT) : 
, tp ee a ee 
4.0 to4.5 2 eee A 
MPN ee] Bm n= 80) lS Observer s note: 
lat) The night sky as it appears 
Variable star Galaxies on 16 March 2018 at 





approximately 10pm (GMT). 


STARGAZER 


The Northern Hemisphere /' 
















ey tT we 

SENT - ye ls 

* ee “ @ . ame Owl Nebula (Messier 977) 

is Baba ba , os rs iid wo 
yLION : fe te 
"Pb Py a ‘2 
* 2 c/s 5 F P s F 
“Ow e Ped Pa of 
a a a 
® ata 3 A 4 Ef : 5 3 
P - * Ps eT ; A \ ~* 
* F . * “we 
) * re Fe, id 
Pt | a va a. 
, pe] Y 
- = F ie ce i 
= _ 
ss rr. a z <E 
LF , Fy | SS SS a a 
bad % ; = a Co % bs t 3 
ss ‘ eS = 
2 —s 





Messier 105 


© Wil Timon, ESO: BASA/ESA: Stargazer 7000 















Send your Aare images to 
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Park, Tenerife 
| Mr hice cones tame os] Neb 
island of Tenerife in 2013. 
Qh -Reya dele cee Beant 
‘world for astronomy, the 


Caldera in Teide National Park 


is at an altitude of over 2.000 metres, with a 
dry atmosphere and limited light pollution, it 
has prov = ta be aS ideal location te combine 
ans ic Na ‘photogr aphy and astronomy. 
Siam is’ a shot af the’Orion Nebula (Messier 
FPS Chee ene ees eben) ln la 
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Brecon Beacons, Wales 

“lL love the outdoors. Having the stunning 
Brecon Beacons on my doorstep means , 
that I have plenty. of reasons to share 

the beautiful countryside through my 
photographs. I enjoy astrophotography 

\ en occasion; it gives me some TW =eyn tuts 
opportunities to stretch my photographic abilities, just like 
1A blaciapl 00) O Oe ROLE EIA ELUM) MaeTB VE gta Mace telatut=s 
above the Welsh landscape.” 
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(AZ-EQ AVANT) 


brand-new mount and maintains the features we 
have come to love with the Sky-Watcher brand 


March has arrived, signalling the end 
of the annual pnime time observing 
penod. The nights are getting shorter, 
but that doesnt mean you can't 


also include a tripod accessory 
tray, a 2l-centimetre (8.3-inch) 
extension tube, 90-degree star 
diagonal, a one kilogram (2.2- 


Telescope 
advice 


Cost: £315.00 (approx $448.00) have as much fun. Especially when pound) counterweight, a red dot 
From: Optical Vision Ltd Sky-Watcher have now fitted a brand- finderscope and two Sky-Watcher 
Type: Maksutov-Cassegrain new AZ-EQ AVANT mount on to a Super eyepieces, one 10 and one 25 
Aperture: 4" fan-favourite Skymax-l02 beginners millimetre. What doesn't 

Focal length: 51" telescope. With a mount that can be come in the bundle, but we would 


controlled with both alt-azimuth 
and equatonal configurations, a 
host of new possibilities await 
with the combination of this 
already impressive Maksutov- 
Cassegrain telescope. 

To start with, it may be best to 
know what is included with this kit. 
The main elements of the bundle 
include a sturdy tripod, capable of 
expanding to 1.5 metres (five foot) 
with the new, wel-engineered AZ-EQ 
AVANT mount, and the Skymax-102 
telescope itself, with a focal ratio of 
f/12./4. Accompanying instruments 


highly recommend purchasing, are 
two of Sky-Watcher's slow motion 
flexible handles. This would allow 
for more controlled movement of the 
mount while navigating around the 
celestial sphere. 

The telescope has been largely 
advertised as compact, lightweight 
and easily assembled. After erecting 
the telescope ourselves, we were 
impressed with how lightweight it 
was, Making it easy to transport The 
telescope tube in particular is very 
compact, and the overall weight of 
the telescope adds up to just eight 


Best for... 
CD Beginners 

£ Medium budget 

ao Planetary viewing 
6) Lunar viewing 

Bright deep-sky objects 









The optics are best 
suited for the brightest 


nax-lO2 









The Maksutov-Cassegrain 
design allows for a long focal length 
inacompact telescope tube 






kilograms (17.6 pounds), which makes 
it ideal for hauling equipment around 
from field to field. When someone 
first gets their telescope, arguably 

the first thing they're going to think 
is: how easy is it to set up?’ In this 
case, it is essentially trouble-free. 

Not only is it clearly described in the 
manual, but also with only four main 
components, the task is not complex 
or demanding. 

The main aspect of this telescope 
is the AZ-EO AVANT mount, which 
is anew addition to the Sky-Watcher 
telescopes. This mount is now 
able to employ both alt-azimuth 
mount movement, which is simple 
honzontal and vertical rotation, and 
equatorial movement, which can 
navigate through the nght ascension 
and declination axes. Both of these 
modes have their own advantages: 
alt-azimuth allows for simple and easy 
movement of the mount, whereas 
equatorial is better suited to tracking 
a star's Movement as it rotates around 
the north star/south star. With both 
options at your disposal, it can also 
help you get used to setting-up and 
using an equatorial mount. 

The Skymax-102 is a good, solid 
starter telescope. Its Maksutov- 
Cassegrain design allows for a long 
focal length when focusing the light 
from a celestial object. The long focal 
length is what gives the telescope its 
high focal ratio, which has its benefits, 
but also its disadvantages. The main 
advantage 1s that it is excellent for 
bright celestial objects, such as lunar 
and planetary observations. When 
observing these types of targets, 
the high focal ratio generates crisp 
and contrasting images - which will 
be explained further shortly. On 


the other hand, the high focal ratio 
means that less light is being focused 
and the objects appear dimmer. It 

is possible to get a greater increased 
view of the brightest deep-sky 
objects, such as the Orion Nebula 
(M42) and the Andromeda Galaxy 
(M31), but the less luminous objects 
will be more of a challenge. 

We decided to begin our testing 
period by observing our biggest and 
brightest neighbour, the Moon. As 
it was only a few days before the 
‘super blue moon, it was shining 
tremendously bright with an 
ihumination of 96 per cent. The 
skymax-lO2 was perfect for this sort 
of observation, and we wete in awe 
of the Moon. Using the 25-millimetre 
eyepiece (giving a magnification of 
52x) we got a full view of the Moon, 
and the clarity of the seas and craters 
was magnificent. When we switched 
to the 10-milimetre eyepiece (giving 
a Magnification of 130x), we got 
a much closer look at the each 
lunar feature, including the Tycho, 
Copernicus and Stevinus craters, 
among many others. The contrast 
of the different seas, also known as 
mares, Was very enjoyable to view 
as well. 

Unfortunately, there were no 
planets around for viewing at 
the time, so we couldn't test 
out its capabilities for viewing 
them. We did try it out on 
some bright deep-sky objects, 
however, putting ourselves 
in a beginner's shoes and 
aimed for the easiest ' 
target, Pleiades 
(M45) Even 
using the 
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This package comes with Sky-Watcher's 


Super 10 and 25 millimetre eyepieces 






























































25-millimetre eyepiece, the 
target was too big for the field 
of view, but the stars were still 
clear and blue with no noticeable 
aberration. From this, we moved on 
to the Onion Nebula (M42), which was 
again best suited for the 25-millimetre 
eyepiece, as it could gather much 
more light. The telescope resolved the 
nebulosity where stars are born and 
light up surrounding gas, but it was 
dimmer than other telescopes’ 
VIEWS. 

Astrophotography is a 
hobby that most amateur 
astronomers move 


on to once they've conquered the 
eyepiece. Although the telescope has 
a mount that is capable for tracking 
stars as they move through the sky 
during the night, this telescope is 
not the tool to use for such a hobby. 
Due to the telescope's high focal ratio, 
youd have to use a long exposure 
time for a relatively bright 
object, which welcomes a lot 
/ of unnecessary background 
noise, ruining the picture. You 
could change the Skymax-102 

for something more suitable, but 
the specifications state that the 
mount has a Maximum payload 
capacity of 3 kilograms (6.6 pounds). 
A more appropniate telescope for 
astrophotography could exceed this 
payload capacity, causing potential 
harm to the mount. 

Based on all of this information, 
We were overall very impressed 
with its lightweight, ‘grab-and-go’ 
simplicity, its sturdy and durable 
structure and its clear and crisp 
views. Itis a perfect beginner 
telescope with good capabilities. 
However, the telescope's optics limit 
you to the basic celestial objects, 
and the equatorial mount is nothing 
more than practice for upgrading on 
to a different equatorial telescope 
package that is better suited for 
astrophotography. We would 
recommend this telescope to a 
beginner that enjoys the finer details 
of bright celestial objects, including 
double stars, and wishes to utilise the 
two modes of mount motion. 


. The mount allows for 
both equatorial and 
alt-azimuth mount 
movement 













AN ALTAIR | 
ASTRO GPCAM 
290C COLOUR 
CAMERA 


Image the wonders of 
the cosmos with this 
compact CMOS 


With Smits ie eee Cee eek on 
incredible colour camera. You can photograph all 
(0) 0bal ee 8)P Meche FES C mn bce SOON TMM OC mahe OT OO 
planets, the Moon, take part in wide-angle time- 
lapse Imaging or even shoot some marvellous 
deep-sky objects. 

The Sony Exmor IMX290 CMOS sensor 
provides a high sensitivity and low read noise, 
resulting in crisp images of your favourite objects. 
Maybe you'll turn it to the Flaming Star Nebula 
situated in the constellation of Auriga; the colour 
contrast of the nebula can render inspiring cami ee 
or perhaps you'll pick out the craters along the 
terminator of the rugged lunar surface. 

simply replace your eyepiece with the camera 
and then connect it to a Windows laptop via a USB 
4.0 cable. This data transfer is swift and much 
improved from the GPCAM] series. perfect for the 
astronomer that wants a new challenge. 





To be in with a chance of NGA 2> + 
winning, all you have to do 
is answer this. question: Congratulations 
to Adrian Hobbs, 
Oe Raita 
TR Ceres 
LightBridge Mini 
PET RC Cte 
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A: 4.9% B: 26.8% C: 68.3% 





[HglCJantsre Mo eerel i eel 
space@spaceanswers.com or by post to 
All About Space competitions, Richmond House, 33 Richmond Hill, Bournemouth, BH2 6EZ 
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CALL 01225 687368 NOW 


Find out more about advertising with Future on www.futureplc.com. 


Planet Earth Education 


Why study Astronomy? r 
How does Astronomy affect our everyday life? 


Planet Eartn 





® The Sun provides our energy to live and is used for timekeeping. 

e ‘The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 
e Constellations can be used for navigation. 

e Astronomy is one of the oldest sciences. 


Planet Earth Education is one of the UK's most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education's courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our Website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 
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: os co The latest books, apps, software, tech and 
eC S OD y accessories for space and astronomy alike 


Cost: £15.00 (approx. $2L00) From: Walker Books Ltd 
Cunosity: The Story of a Mars Rover condenses, illustrates and narrates the long journey of NASA's Cunosity 
rover. This book, marketed for the ages of six and over, starts by asking the ever-present question ‘is anybody 
else out there?’ and continues by explaining how this continual cunosity led to the construction and 
execution of its namesake rover. 

Walker Books is renowned for publishing well-designed and informative children's books, and this 
| publication is exactly what you would expect in quality. It’s large, with excellent illustrations and minimal 
| text. It is common knowledge that children pay most attention to the pictures, and the illustrations in this 
| book are the highlight. The colourful, complementary and imaginative pictures will grab the shortest of 
| attention spans. There are a few pages where the annotations are overindulged, which is a minor shame. 

A range of information is involved between the covers, which hopefully inspires a newly found love for 
space exploration, astronomy and a spirit for enquiry in many. 


& © Book 
i. Curiosity 
| 














§} © Program Voyager 4.5 
| Cost: Ranging from £70 to £127 ($99 to $180) From: Carina Software 
Many amateur astronomers like to plan ahead before they venture out into the cold dark nights for an 
observing session. Although it’s not all-important, it helps utilise ime, especially if the area is renowned for 
| its cloudy nature. Voyager 4.5 could help you with this, as it's a sky sumulation software package with many 
| great aspects. 

You can enjoy the magnificent sights of the cosmos from your desk chair, including the planets, stars and 
| a vanety of deep-sky objects. The catalogue of objects in this program is vast and very impressive, and it uses 
an easy Navigation interface. The software can also be used to control a number of telescopes, assuming they 
are fitted with the appropriate computerised mount, including Celestron, Meade and others. 
| Enjoyable, knowledgeable and straightforward are some of the words best suited for this program, but the 
price tag can be a deal-breaker. The cheapest option is $99 (£70), which is the online download, but prices 
increase if you wish to purchase a CD or DVD set. We recommend that you download the demo, which is 
© available on their website carinasoft.com, before making any purchase to get an idea of its capabilities. 

















= © Accessories Coast HL4 LED Dual Colour Head Torch 

Cost: £19.50 (approx. $27.50) From: Rother Valley Optics Ltd 

Consttucting something in the dark is never fun for anybody; it can be frustrating, time-consuming 
and just plain annoying, especially when youre assembling your telescope. This is why sometimes 
an astronomer's best fmend can be a headtorch. Even though a pitch-black night means you can 
Teally examine the faintest of celestial objects, it can make for quite a problem when setting up your 
equipment. It takes between 20 and 45 mimutes for your eyes to adjust to the dark. 

The Coast HL4 LED Head Torch is a perfect fit to help anyone at nighttime, as it has the option 
between a red or white light. The red light is the best selection when youTe observing, as it doesn't 
Tuin your night vision. There are five white LED's compared to one red LED making for a greater 
illumination if needed. It sits very comfortably on a person's head, and includes the battery pack at the 
») back, keeping them warm enough to ensure that there's longlasting power when required throughout 
@ your observations of the night sky. 











© AppISSs Detector 

Cost: Free For: Android and 105 

The International Space Station (ISS) is a majestic habitable satellite orbiting the Earth roughly 400 kilometres 
(2495 miles) away. It is a testament to intemmational cooperation and, mere importantly human spaceflight. 

It travels around our planet at an extraordinary 27,600 kilometres per hour (17200 miles per hour) and 
completes over 15 orbits of the Earth per day! 

Because of this fantastic speed and the distance it covers, it is forever passing over our heads. It is one thing 
fo see an aeroplane go hurtling through the sky, but to see a 108-metre (356-foot) Space Station pass by on its 
constant joumey is something else! For this reason, we would recommend this app to anyone who wants to 
see a satellite containing at least three of the world's finest astronauts whizz past. 

The app will use your current location and the known trajectory of the ISS to notify you of when the Space 
station will make a visit overhead. With access through android and 10S devices, the ISS Detector will keep you 
lm updated and informed as to the ISS' location and visibility details. 
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Margaret 
Burbidge 
She was able to excel 


in astronomy while 
fighting for equality 


In a time where women were 
heavily suppressed and couldnt 
strive in science, Margaret 
Burbidge was not halted, and had 
a tremendous career in astronomy. 
Her work on the chemical 
composition within stars, the 
rotation and masses of galaxies 
and quasi-stellar objects (quasars) 
spectroscopy has proved to be vital 
in astrophysics. 

Born on 12 August 1919, in 
Davenport, England, Burbridge 
grew up having a strong attraction 
to mathematics and astronomy. As 
she relocated to London at an early 
age, Burbridge eventually attended 
the University College of London 
where she graduated with a First 
Class Honours bachelor's degree in 
astronomy in 1939. This continued 
with the pursuit of a PhD, which 
she gained in 1942 while being 
a caretaker for the university's 
observatory. Her caretaker duties 
came as a result of the World War 
Il upheaval that was terrorising 
the streets of London, especially as 
many of the observatory's leaders 
were called up to the military. 

After the war ended, Burbridge 
carried on with her fantastic efforts 
in astronomical research, eventually 
taking the roles of assistant 
director and acting director of the 
observatory in the late 1940s. In 
1951, the Yerkes Observatory in 
Williams Bay, Wisconsin, United 
states offered her a grant to 
continue her studies there. She 
was there for two years studying 
the chemical abundances within 
stars along with her husband, 
Geoffrey Burbridge. 

They both returned to England 
in 1953, where they developed their 
most influential paper along with 
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Margaret was influential in our 
understanding of stellar physics 


“She made valuable movements 





which have since paved the 
way for women in astronomy’ 


William Fowler and Fred Hoyle. This 
paper, the B2FH paper, was named 
after the four authors, and it was 
a landmark in stellar physics. This 
work analysed several key processes 
in producing elements other than 
hydrogen in a star's interior. They 
stated that these elements - the 
elements responsible for making 
up everything we see before us - 
are originally produced from the 
burning within stars, also known 
as stellar nucleosynthesis. This is 
a theory that is widely accepted 
throughout the astronomical 
community, and it stemmed from 
this fantastic work done by Margaret 
and her collaborators. 

Margaret's career continued 
to flourish with a long list of 
administrative and teaching roles in 
many highly respected institutions, 
including the University of 
California, 5an Diego, the Cavendish 
Laboratory at the University of 
Cambridge, England, the California 
Institute of Technology and, most 
prestigiously, she became the 


director of the Royal Greenwich 
Observatory in 1972. Four years 
after she also made history as she 
became the first female president of 
the American Astronomy Society. 

This did not come without its 
struggles though, and she fought 
valiantly against discrimination to 
women in astronomy. Noticeably 
in 19/2, she turned down the 
American Astronomical Society's 
Annie J. Cannon Award, as it was 
only presented to women. She 
made many Valuable movements 
which have since paved the way for 
woman in astronomy 

Margaret's amazing contribution 
to science and astronomy hasn't 
gone unrecognised; she has been 
bestowed with some amazing 
awards, including the Bruce Medal 
in 1982, awarded for outstanding 
lifetime contributions to astronomy. 
she was also presented the 
National Medal of Science in 1983 
by President Ronald Reagan and 
the Albert Einstein World Award of 
science in 1988. 


©) hichael Webb Stinger 
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Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of superb functionality, versatility and uncompromising levels of performance. The Sky-Watcher 
EXPLORER range of Parabolic Newtonian Reflectors cater superbly for astronomers of all levels. Whether your interest is 
Deep-Sky Observations, the Moon and Planets, or a combination of both, the EXPLORER range offers excellent all round 
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200mm (8") 1/1000 NEWTONIAN REFLECTOR 






















CROP 1 







ee ae eS | Standard Specification | BBC Sky At Night 
o¥ WINNER! | F  Magnifications (with eyepieces supplied) A Magazine ee 
Prod.Gode j “a0, x60, x75, x150 ————— 
10923/P0464 w& « Highest Practical Power (Potential) x300 
“f * Diameter of Primary Mirror 150mm 
OTA SAP £279 . ¢ Telescope Focal Length 750mm (t/5) 
EQ5 SRP £279 * Eyepieces Supplied 10mm & 2omm 


¢ 6x30 Finderscope Fully GO-TO Upgradeable 
«x2 Deluxe Barlow Lens * Parabolic Primary Mirror 
° 0.5mm Ultra-Thin Secondary Mirror Supports 


nr , 
* £03-2 Equatorial Mount with Aluminium Tripod \ Prod.Code 










Standard Specification ¢ 33% more Light Gathering than 130mm 1091 2/20448 
* Magnifications (with eyepieces supplied) 

x40, x60, x100, x200 Tk 
« Highest Practical Power (Potential) x400 
« Diameter of Primary Mirror 200mm \ OTA SAP £199 





« Telescope Focal Length 1000mm (t/5) \.EQ3-2 SRP £199 
«Eyepieces Supplied 10mm & 25mm 

«x2 Deluxe Barlow Lens * 6x30 Finderscope 
* Parabolic Pimary Mirror 

«(0.5mm Ultra-Thin Secondary 


Mirror Supports « Fully GO-TO Upgradeable 


Prod.Code 10949/20448 
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« FO5 Equatorial Mount with Stainless Steel Tripod Py ¥ . a OTA SAP £199 
«77% more Light Gathering than 150mm , E()3-7 SRP £199 
Pied Hoshi AP aaeaad OE Ra ff " e 150mm (6°) 7/1200 y 
‘The Explorer passed all our tests * eit | 1 | 
with flying cofours and was a delight to | de / ¢ “7 PARABOLIC NEWTONIAN REFLECTOR ¢ i. 
use hoth optically and mechanically’ ® Standard Specification | 


* Magnifications (with eyepieces supplied) 
x48, x96, 120, x240 

* Highest Practical Power (Potential) x300~ 

* Diameter of Primary Mirror 150mm 

* Telescope Focal Length 1200mmi (i/8) a 

« Eyepieces Supplied 10mm & 25mm 
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ees ADVANCED FEATURES All Sky-Watcher 14 & £5 

» Parabolic Primary Mirror Newtonian Reflectors feature high quality Paraboloidal 

+ 0.5mm Ultra-Thin Secondary Mirror primary mirrors to eliminate sphencal aberrations, 
Sarge mcrae ; producing sharp, contrasty images, which are full of detail. 


\, BBC Sky At Night Magazine (July ‘09 Issue) , | ‘ 
Ee pe “Verdict a reborn classic ‘N 
that / can't recommend highly 
enough for the pree.” | 
Ade Ashiord, 
\  Www-.scopetest.com 4 








” 76mm (3”) f/300 
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| SUPPOrTS | 3 In addition they feature 0.5mm Ultra-Thin secondary 

100mm (4") 1/400 * Fully GO-TO Upgradeable mirror supports to 
PA ne . BCONIAN + EQ3-2 Equatorial Mount with reduce d aaRant spikes 
RABOLIG DOBSO Aluminium Tripod | = and light loss. All Sky- 


ee Pr00.Code 10245 + 33% more Light Gathenng than ) —— Watcher reflectors are 
a, <a 130mm fi erie ava ee —— Multi-Coated with Silicon } 
lala =—— Dioxide as standard for 
Optimum Durability and 
Long Term Performance, 


“I have used a great number of 

| ome ielescopes; some are good, some 
ties Your FREE Cony Oe | S mediocre and some bad. To me the 
me Oky-Watcher range of instruments 

Pag tbe mune atone tae | ames are very good indeed, & suited to 
pe ra as | amateurs of all kinds - and they are 

AIL: infod@opticalvision.c ie a not priced out of the market! 
ene —xceilent value. 

130mm (5.1”) 1/650 Pee eee Use them and enjoy them.” 


PARABOLIC DOBSONIAN : ‘oe | Sir Patrick Moore CBE FAS (1923-2012) 
Our Products are Available from Dealers throughout the UK Oo wv” Please contact us, or Check our Website for your Nearest Stockist 
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